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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 

end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — 

(216)433-4000. 


FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 ' 
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National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 

i 

NTIS  Order  Number* 

• 

NTIS  Price  Code* 

*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 
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FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agriculture  &  Food 

0074  Plant  Hormones  Could  Help  Shape  Tomorrow's 
Crops 

0075  Crab  Analog  Prepared  from  Pacific  Whiting  Surimi 

Computers 

0076  Standards  For  Superconductors 

0077  Surges  May  Damage  Computer  Printer  Components 

0078  System  Turns  SAR  Images  Into  Maps — Manual 
registration  with  known  geographical  features  is 
unnecessary. 

0079  Two-Dimensional  Systolic  Array  for  Kalman-Filter 
Computing — A  simplified  algorithm  enables  real-time 
Kalman  filtering.   (Licensing  Opportunity) 

0080  Intercept-Resistant  Communication  System  Studied 
Software 

0081  Input/Output  Subroutine  Library  Program — This 
efficient,  easy-to-use  program  can  be  moved  easily 
to  different  computers. 

0082  Selected  Tether  Applications  Cost  Model — Diverse 
cost -estimating  techniques  and  data  are  combined 
into  a  single  program. 

Testing  &  Instrumentation 

0083  Airborne  Electromagnetic  Bathymetry  Bird  Prototype 
Completed 

Other  Items  of  Interest 

0085      First  Vacuum  Transistor  Demonstrated 
0154     High-Speed  Multiprocessing  for  Engine  Simulation — 
Parallel  microprocessors  have  the  computational 
power  and  speed  for  realistic  simulations. 

Electrotechnology 

0084  High  Accuracy  Satellite  Time  Transfer 

0085  First  Vacuum  Transistor  Demonstrated 

0086  Quantile  Vocoder — Parameters  of  the  spectral 
envelope  are  obtained  statistically.  (Licensing 
Opportunity) 

0087  Optical  Image  Subtraction — Progress  of  a  recent 
decade  is  reviewed. 

0088  Redundant  Grounding  Circuit  for  Arc  Welding — Arc 
burns  at  loose  ground  connections  are  prevented. 

0089  Tool  for  Tinning  Integrated-Circuit  Leads — As  many 
as  eight  flatpacks  can  be  held. 

0090  Programmable  Pulser — The  user  controls  the 
number  of  clock  pulses  to  prevent  burnout. 

0091  Synchronous  Photodiode-Signal  Sampler — Synchro- 
nous switching  provides  background  subtraction. 
(Licensing  Opportunity) 


Testing  &  Instrumentation 

0092  Analog/Digital  System  for  Germanium  Thermome- 
ter— Four-wire  measurements  of  resistance  are 
made  with  1-p.A  excitation  in  the  presence  of  noise. 

0093  Closed-Loop  Optical  Rotation  Sensor — Integrated 
optics  can  improve  performance  with  simplified 
signal  processing.  (Licensing  Opportunity) 

0094  Photogrammetry  of  a  Parabolic  Antenna — The 
surface  is  measured  with  an  accuracy  better  than  10 
•times  the  diameter. 

Other  Items  of  Interest 

0077     Surges  May  Damage  Computer  Printer  Components 
0143     Simplified  Microwave  Radiometer — The  cost,  weight, 
and  size  would  be  less  than  half  of  those  of  conven- 
tional radiometers. 

Energy 

0095  Coal  as  a  Source  of  Clean  Carbon  Fuel  and  Indus- 
trial Hydrogen 

0096  Energy  Conservation  Technical  Information  Guide 
Volume  1:  Resource  Directory 

0097  Energy  Signatures — A  Passive  Solar  Design  Tool 

0098  Gravity  Compensation  Technique  Uses  Small  dc 
Motor — The  motor  is  a  lighter  and  more  compact 
alternative  to  a  counterbalance.  (Licensing  Opportu- 
nity) 

Engineering 

0099  Elevators  for  the  Handicapped  During  a  Fire 

0100  Prestressed  Concrete  Fender  Piles  Now  Available 

0101  Modeling  for  a  Mobile  Sentry  Robot 

01 02  New  Gas  Flow  Calibration  System  is  Faster  and 
More  Accurate 

0103  Residential  and  Commercial  Buildings  Data  Book 

0104  Sonic  Simulation  of  Near  Projectile  Hits — Measured 
frequencies  would  identify  projectiles  and  indicate 
miss  distances. 

01 05  Adaptive  Control  for  Space-Station  Joints — Input 
gain  weighting  is  added  to  an  existing  adaptive  - 
control  algorithm. 

Software 

01 06  Continuous  Beam  Computer  Program 

0107  Inverse  Design  of  Simple,  Unbranched  Ducts — This 
program  calculates  the  shape  of  the  duct  to  obtain  a 
desired  flow  field. 

Testing  &  Instrumentation 

0108  Measuring  Flow  With  Laser-Speckle  Velocimetry — 
Spatial  resolution  is  sufficient  for  calculation  of 
vorticity  (Licensing  Opportunity) 

0109  Measuring  Liquid  Drops  in  Gas  Flow — A  photo- 
graphic method  reveals  size  distributions  and  flow 
rates.  (Licensing  Opportunity) 
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Engineering  (Cont.) 

01 1 0  Measuring  Vibrations  With  Nonvibration  Sensors — 
Normally  undesired  responses  are  exploited  to 
obtain  less  intrusive  or  nonintrusive  measurements. 
(Licensing  Opportunity) 

01 1 1  Miniature  Remote  Deadweight  Calibrator — A 
microcomputer  controls  the  calibration  of  a  force 
transducer  in  a  cryogenic  chamber.  (Licensing 
Opportunity) 

0112  Radio-Frequency  Strain  Monitor — This  device 
measures  the  overall  change  in  the  length  of  a 
structural  element.  (Licensing  Opportunity) 

01 1 3  Thermal  Remote  Anemometer  Device — A  focused 
laser  and  a  thermal  imager  are  combined  for  remote 
temperature  measurement  (Licensing  Opportunity) 

Other  Items  of  Interest 

0098     Gravity  Compensation  Technique  Uses  Small  dc 
Motor — The  motor  is  a  lighter  and  more  compact 
alternative  to  a  counterbalance.  (Licensing  Opportu- 
nity) 

Environmental  Science  &  Technology 

01 14  Oak  Ridge  National  Environmental  Research  Park 

0115  Treatment  of  Low-Level  Radioactive  Waste  From 
Commercial  Nuclear  Reactors 

Manufacturing,  Machinery  &  Tools 

01 16  Artificial  Intelligence  Concepts  and  Applications 

0117  Automated  Assembly  of  Additive  Liner  to  Tank 
Cartridge 

01 1 8  The  ABC's  of  U.S.  Certification  Programs  Published 
C1 1 9      Pilot  Plant  for  Advance  Metal  Matrix  Composites 

Completed 

0120  Data  Verification  System  Used  At  Vertical  Worksta- 
tion 

0121  Cepstral  Analysis  Detects  Ball-Cage  Wear — 
Vibrational  frequencies  symptomatic  of  wear  are 
found  quickly. 

0122  Erosion-Resistant  Water-Blast  Nozzle — A  tapered 
design  imparts  long  life  and  effectiveness.  (Licens- 
ing Opportunity) 

0123  Erosion-Resistant  Water-and-Grit-Blasting  Assem- 
bly— A  unit  releases  a  jet  of  abrasive-containing 
water.  (Licensing  Opportunity) 

01 24  Relief  Valve  Opens  and  Closes  Quickly — The  valve 
reseats  after  a  small  pressure  drop. 

0125  Improved  Robot-Joint  Calculations — Modified 
Denavit-Hartenberg  parameters  are  better  for 
locating  successive  joint-axis  systems. 

0126  Seals  for  Cryogenic  Turbomachines — An  analysis 
considers  the  effects  of  seals  on  stability. 

0127  Self-Centering  Reciprocating-Permanent-Magnet 
Machine — The  coil  can  be  sized  for  the  required 
efficiency  and  power. 


0128  Separating  Images  for  Welding  Control — Optics  in 
the  torch  direct  views  of  the  weld  to  two  different 
sensors.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0088      Redundant  Grounding  Circuit  for  Arc  Welding — Arc 
burns  at  loose  ground  connections  are  prevented. 

Materials 

0129  Effects  of  Alloy  Modifications  and  Variations  in  Heat 
Treatment  on  Hydrogen-Assisted-Stress-Cracking 
Susceptibility  of  ESR  4340  Steel 

0130  Growth  of  Short  Cracks  Under  Fatigue  Loads 

0131  Hot  Cracking  in  TI-621 1  Alloy 

01 32  Navy  Organic  Coating  Systems  for  Aluminum 

0133  Sputter-Deposited  Aluminum  Alloy  Coatings 

0134  Annealing  Reduces  Free  Volumes  in  Thermoplas- 
tics— Reductions  reach  asymptotic  values  after 
several  annealing  cycles. 

01 35  Computational  Methods  for  Composite  Structures — 
Computer  codes  simulate  a  variety  of  effects  in  fiber/ 
matrix  composites. 

0136  Developing  Crystallinity  in  Linear  Aromatic  Polyim- 
ides — A  new  technique  improves  the  melt  flow  of 
polyimide.  (Licensing  Opportunity) 

0137  Improved  "Green"  Forming  of  Silicon  Nitride — 
Advanced  processing  techniques  reduce  the 
incidence  of  critical  flaws. 

Testing  &  Instrumentation 

0138  New  Test  For  Flammability  of  Drapery  Material 
Other  Items  of  Interest 

01 1 9      Pilot  Plant  for  Advance  Metal  Matrix  Composites 
Completed 

Medicine  &  Biology 

0139  Liposomes  Provide  New  Method  for  Drug  Delivery 

0140  Bioprocess  Engineering  Video  Released 
Testing  &  Instrumentation 

0141  Three-Dimensional  Ultrasonic  Imaging  of  the 
Cornea — A  proposed  technique  would  generate 
pictures  of  curved  surfaces.  (Licensing  Opportunity) 

Natural  Resources  Technology  &  Engi- 
neering 

0142  Regional  Objective  Analysis  and  Short-Range 
Numerical  Forecasting  System 

Testing  &  Instrumentation 

0143  Simplified  Microwave  Radiometer — The  cost,  weight, 
and  size  would  be  less  than  half  of  those  of  conven- 
tional radiometers. 
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Other  Items  of  Interest 

0078     System  Turns  SAR  Images  Into  Maps — Manual 

registration  with  known  geographical  features  is 

unnecessary. 
0087     Optical  Image  Subtraction — Progress  of  a  recent 

decade  is  reviewed. 

Physical  Sciences 

0144  Gallium  Triple  Point  to  Serve  as  Fixed  Point 

0145  Calculating  Shocks  in  Flows  at  Chemical  Equilib- 
rium— Boundary  conditions  prove  to  be  critical. 
(Licensing  Opportunity) 

0146  Temperature  Fluctuations  During  Crystal  Growth — 
Fluctuations  of  heat  flow  during  Bridgman  crystal  are 
correlated  with  structural  features. 

Testing  &  Instrumentation 

0147  High  Speed  Photography  of  Random  Nanosecond 
Events 

0148  New  Device  Improves  Conductivity  Measurements 

0149  Ion  Probe — A  Diagnostic  Tool  for  Tokamak  Reactors 


0150  A  Laser  Pulse  Stretcher  To  Improve  Holographic- 
Image  Quality  (Licensing  Opportunity) 

0151  Computerized  Analysis  of  Thermal-Diffusivity  Data — 
Measurements  are  processed  quickly  and  accu- 
rately. 

01 52  Laser  Pyrometer  for  Spot  Temperature  Measure- 
ments— The  emissivity  of  the  target  is  measured  to 
assure  accuracy.  (Licensing  Opportunity) 

0153  Solid-State  Single-Photon  Counter— Under  the  right 
conditions,  an  avalanche  photodiode  performs  better 
than  a  photomultiplier  tube. 

Transportation  &  Components 

0154  High-Speed  Multiprocessing  for  Engine  Simulation — 
Parallel  microprocessors  have  the  computational 
power  and  speed  for  realistic  simulations. 

Testing  &  Instrumentation 

0155  Shadowgraphs  of  Helicopter-Rotor-Tip  Vortexes — 
The  flow  can  be  studied  on  full-size  rotors  instead  of 
on  small-scale  models. 
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0075  Crab  Analog  Prepared  from  Pacific  Whiting  Surimi 
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United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Plant  Hormones  Could  Help  Shape  Tomorrow's  Crops 


V-/rops  might  be  redesigned  to  use  their 
own  hormones  better,  according  to  an 
Agricultural  Research  Service  scientist, 
now  that  he  has  found  a  way  to  measure 
plant  hormone  levels  more  accurately. 

"We've  made  a  quantum  jump  in 
accuracy,"  says  Jerry  D.  Cohen,  a 
biochemist  in  Beltsville,  Maryland. 

"We  only  need  about  one  percent  of 
the  plant  material  previously  required  for 
hormone  measurements,"  he  says.  "That 
means  we  can  zero-in  on  specific  parts 
of  a  plant." 

Knowing  how  much  of  a  hormone  is 
reaching  the  leaves,  buds,  or  roots  of  a 
plant,  says  Cohen,  could  help  bring 
about  the  genetic  engineering  and 
breeding  of  crops  for  size,  shape, 
budding,  ripeness,  and  other  characteris- 
tics highly  dependent  on  hormone 
production. 


"It  may  only  be  the  first  step,"  he 
adds,  "but  it's  a  big  one  towards  the  day 
we  can  improve  the  genetic  code  for 
hormone  production  in  crops." 

Somewhat  like  their  counterparts  in 
humans  and  animals,  hormones  in  plants 
are  chemicals  made  by  plants  to  stimu- 
late their  own  growth  and  development. 
Scientists  have  analyzed  the  molecular 
structures  of  numerous  plant  hormones 
and  have  even  synthesized  some  of 
them,  but  until  now  they  have  been 
unable  to  determine  exactly  how  much 
of  a  given  hormone  was  in  any  particular 
part  of  the  plant. 

"That's  because  they  exist  in  such 
small  amounts,"  explains  Cohen.  "You 
could  find  maybe  1  ounce  of  hormone  in 
40  tons  of  plant  tissue,  if  you  look  hard 
enough.  And  you  have  to  be  sure  that 
you've  found  the  real  thing.  There's  a 


Above:Peaks  and  valleys  on  the  screen 
of  a  mass  spectrometer  enable 
biochemist  Jerry  Cohen  to  isolate  and 
measure  the  plant  hormone  IAA. 
(88BW0949-24A) 
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lot  of  molecular  garbage  to  sort 
through — a  lot  of  molecules  that  appear 
to  be  hormones  but  aren't." 

Cohen  began  his  research  on  plant 
hormones  while  a  graduate  student  at 
Michigan  State  University.  Some  of  the 
measurement  techniques  he  developed 
there  are  now  being  used  in  psychiatric 
and  forensic  studies  that  link  schizo- 
phrenic and  psychotic  behavior  to 
abnormal  hormone  levels  in  the  brain. 

"Hormone  levels  in  humans  and 
animals  are  a  lot  higher  than  in  plants," 
he  says,  "and  can  be  measured  more 
easily.  We  were  on  the  right  track  at 
Michigan,  but  our  methods  simply 
weren't  precise  enough." 

At  ARS,  Cohen  perfected  his  method 
for  measuring  plant  hormone  quantities 
while  investigating  a  hormone  known  as 
indole-3-acetic  acid,  or  IAA  for  short. 
IAA  was  the  first  plant  hormone  to  be 
identified  as  such  and  is  one  of  five 
major  groups  of  hormones  that  are  found 
in  all  plants. 

To  determine  IAA  levels  in  plant 
tissue,  Cohen  thoroughly  mixes  the 
tissue  with  a  known  quantity  of  specially 
modified  IAA  containing  a  carbon 
isotope — a  form  of  carbon  having  a 
greater  molecular  weight  than  normal. 
He  then  places  a  sample  of  the  mixture 
in  a  mass  spectrometer,  which  enables 
him  to  distinguish  the  natural  IAA  from 
the  heavy  version  and  compare  their 
respective  quantities.  Once  the  ratio 
between  the  two  kinds  of  hormone  in  the 
sample  is  established,  the  amount  of 
natural  IAA  in  the  whole  mixture  can  be 
determined  as  well. 

"The  use  of  carbon  isotopes  and  a 
mass  spectrometer  makes  the  process 
work,"  says  Cohen.  "Although  we've 
been  looking  at  IAA  almost  exclusively, 
there  is  no  reason  the  same  techniques, 
possibly  with  other  kinds  of  isotopes, 
won't  work  for  other  hormones  as  well." 

At  present,  hormonelike  chemicals 
marketed  as  growth  inhibitors  and 
growth  promoters  are  sprayed  on  crops 
to  get  them  to  achieve  a  desired  size, 


Contained  in  this  jar  is  the 
world's  known  supply  of  specially 
modified  IAA,  containing  carbon-13,  a 
radioisotope.  The  mixture  is  used  to 
determine  plant  hormone  quantities. 
(88BW1011-28A) 


shape,  and  ripeness  by  harvest  time.  But 
these  external  treatments  can  be  costly 
and  don't  always  work  as  expected. 
They  have  to  be  repeated  each  season, 
and  some  crops  seem  to  sense  that  their 
development  is  being  influenced 
unnaturally  and  adjust  their  own 
hormone  production  accordingly. 

"Changing  the  genetic  code  could  be 
more  effective,"  says  Cohen,  "because  it 
gives  the  new  hormone  balances  heredi- 
tary status.  They  become  a  natural  part 
of  the  plant  and  show  up  in  future 
generations." 

Jerry  D.  Cohen  is  in  the  USD  A- ARS 
Plant  Hormone  Laboratory,  Room  30, 
Bldg.  050,  BARC-West,  Beltsville,  MD 
20705  (301)344-3632. 
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National  Oceanic  and  Atmospheric  Administration 

National  Marine  Fisheries  Service 
Northwest  and  Alaska  Fisheries  Center 


Crab  Analog  Prepared  from  Pacific  Whiting  Surimi 

NOAA  has  successfully  prepared  a  crab  analog  using  Pacific  whiting  surimi. 
The  surimi,  produced  during  August  and  October  1987  with  ocean-caught  fish,  was 
processed  into  the  analog  in  a  production  run  at  a  commercial  plant  in  January 
1988.  No  processing  problems  were  encountered  in  any  of  the  production  steps. 

Acceptability  of  the  finished  product  is  comparable  to  the  product  prepared 
from  Alaska  pollock  (walleye  pollock)  surimi.  The  whiting  has  been  served  to 
several  groups  familiar  with  the  technical  properties  of  surimi  and  analog 
products.  One  of  the  groups  served  was  the  Pacific  Fisheries  Technologists  at 
their  annual  meeting  in  February  1988.  Without  exception,  everyone  who  tasted 
the  product  agreed  that  it  was  excellent. 

Successful  production  of  the  crab  analog  was  made  possible  by  the  incor- 
poration of  an  inhibitor  for  the  protease  enzyme (s)  present  in  Pacific  whiting 
parasitized  by  the  myxosporea  Kudoa.  The  effect  of  inhibitor  addition  is  to 
increase  the  gel  strength  10  times  or  more.  A  gel  strength  of  about  6  50  is 
needed  to  make  a  high  quality  analog  product.  The  gel  strength  of  kamaboko 
prepared  from  the  two  lots  of  surimi  used  in  the  commercial  run  were  as  follows: 


Pacific 
whiting 
surimi   lot 

Gel  Strength 

Control 
(no  inhibitor) 

82.3 
36.0 

Inhibitor 
added 

August  1987 
October  1987 

763.8 
722.3 

This  work  was  performed  by  Dr.  Roy  Porter  of  the  Utilization  Research 
(UR)  Division,  Northwest  and  Alaska  Fisheries  Center,  National  Marine 
Fisheries  Service. 

Additional  information  is  available  from  NOAA  ORTA,  Suitland  Professional 
Center  (SPC) ,  Room  307,  Suitland,  Maryland  20233.  Telephone  (301)  763-4240. 
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0076  Standards  For  Superconductors 

0077  Surges  May  Damage  Computer  Printer  Components 

0078  System  Turns  SAR  Images  Into  Maps — Manual  registration  with  known  geo- 
graphical features  is  unnecessary. 

0079  Two-Dimensional  Systolic  Array  for  Kalman-Filter  Computing — A  simplified 
algorithm  enables  real-time  Kalman  filtering.  (Licensing  Opportunity) 

0080  Intercept-Resistant  Communication  System  Studied 
Software 

0081  Input/Output  Subroutine  Library  Program — This  efficient,  easy-to-use  program 
can  be  moved  easily  to  different  computers. 

0082  Selected  Tether  Applications  Cost  Model — Diverse  cost-estimating  techniques 
and  data  are  combined  into  a  single  program. 

Testing  &  Instrumentation 

0083  Airborne  Electromagnetic  Bathymetry  Bird  Prototype  Completed 
Other  Items  of  Interest 

0085      First  Vacuum  Transistor  Demonstrated 

0154     High-Speed  Multiprocessing  for  Engine  Simulation — Parallel  microprocessors 
have  the  computational  power  and  speed  for  realistic  simulations. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Standards  For  Superconductors 


NIST  has  been  working  with  the  Department  of  Energy,  other  national 
laboratories,  and  private  industry  to  develop  standard  measurement 
practices  for  use  in  large-scale  applications  of  superconductivity.     Most 
of  this  work  involves  low-temperature  superconductors  such  as  would  be 
employed  in  the  superconducting  super  collider  project  or  fusion  research. 
An  interim  report  covers  topics  such  as  effect  of  current  ripple  on 
critical  current  measurements,  critical  current  measurements  on  cable 
strands,  round-robin  tests  of  critical  current  of  a  large  niobium-titanium 
conductor  and  of  niobium-tin  conductors,  and  coupling  losses  in  multi- 
filamentary  superconductors. 


FOR  ADDITIONAL  INFORMATION:     For  a  copy  of  Development  of 
Standards  for  Superconductors,  Interim  Report  January  1986-December 
1987,  contact  the  National  Technical  Information  Service,  Springfield, 
VA  22161.     Order  by  PB#88-2 15439;  the  cost  is  A05. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards)  < 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899  " 


Surges  May  Damage  Computer  Printer  Components 


Electrical  surges,  injected  only  into  the  power  lines  during  an  experiment  in  an 
industrial  building,  apparently  caused  damage  to  the  data  line  input  components 
of  some  computer-driven  laser  printers,  according  to  Francois  D.  Martzloff, 
an  NIST  researcher.     This  side  effect  was  uncovered  during  measurements  of 
surges  made  to  determine  the  propagation  features  of  these  so-called  tran- 
sients in  the  ac  power  wiring.     One  conclusion  Martzloff  reached,  details  of 
which  will  be  presented  at  the  upcoming  IEEE/IAS  Annual  Meeting  in  October, 
was  that  providing  protection  against  power  line  surges  at  the  power  line 
interface  of  devices  linked  by  a  data  communication  circuit  does  not  guarantee 
that  surges  occurring  in  the  power  line  environment  will  not  cause  damage  to 
the  devices.     A  more  comprehensive  protection  scheme,  coordinating  both  the 
power  line  and  the  data  line,  is  required.     This  research  is  supported  in  part 
by  an  informal  consortium  of  private-sector  companies  organized  by  BICSI, 
Building  Industry  Consulting  Service  International. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further,  contact 
Francois  D.  Martzloff,  Metrology  Building,  Room  B162,  National  Institute  of 
Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)  975-2409. 
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System  Turns  SAR  Images  Into  Maps 

Manual  registration  with  known  geographical  features  is  unnecessary. 


A  postprocessing  system  for  synthetic- 
aperture  radar  (SAR)  transforms  raw  im- 
ages from  the  natural  rotated  and  distorted 
SAR  reference  frame  into  geocoded  im- 
ages; that  is,  images  oriented  and  regis- 
tered with  geographical  coordinates  in  a 
universal  transverse  Mercator,  polar  ster- 
eographic,  or  other  standard  map  pro- 
jection. The  geocoded  images  are  auto- 
matically corrected  to  remove  slant-range 
nonlinearities  and  Doppler  skew.  The  sys- 
tem can  produce  multiple-frame  mosaics 
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Figure  1.  Ephemeris  Data  of  the  radar  plat- 
form plus  radar-signal  and  processing  pa- 
rameters are  used  to  transform  the  raw 
SAR  image  into  a  geocoded  map. 


Figure  2.  The  Postprocessing  Equipment 

operates  in  conjunction  with  other  ele- 
ments of  an  SAR  digital  processor.  The 
postprocessing  equipment  is  shared  with 
the  SAR  correlator. 

for  large-scale  mapping.  Unlike  previous 
systems,  this  one  does  not  require  the  tedi- 
ous manual  registration  of  representative 
"tie"  points  in  the  raw  SAR  imagery  with 
known  locations  on  the  Earth. 

In  effect,  the  new  system  replaces  the 
tie  points  with  a  combination  of  data  on  the 
trajectory  and  velocity  of  the  radar  plat- 
form (see  Figure  1)  plus  reliance  on  the 
amplitude  and  frequency  of  the  radar 
echoes  (as  functions  of  time)  to  determine 
the  slant  range  and  the  aiming  (squint) 
angle  of  the  target.  This  information  is 
processed  to  obtain  distortion-  and  orienta- 
tion-correcting factors. 

An  essential  step  is  the  solution  of  three 
simultaneous  equations  for  the  three-di- 


mensional Earth-based  coordinates  of  a 
target  represented  by  an  arbitrary  picture 
element.  These  are  the  equations  for  (1) 
the  surface  of  an  oblate  ellipsoid  that  repre- 
sents the  geoid,  (2)  the  Doppler  shift  of  a 
point  target,  and  (3)  the  slant  range. 

The  solution  involves  an  iterative  numer- 
ical process.  First,  the  intersection  of  the 
range  vector  with  the  geoid  is  found  to 
determine  the  nominal  target  location  and 
Doppler  shift.  The  range  vector  is  then 
squinted  to  find  the  intersection  of  the  ap- 
propriate iso-Doppler  line  for  the  given 
Doppler  shift  while  maintaining  the  correct 
slant  range.  This  operation  is  repeated  for 
a  set  of  picture  elements  distributed  over 
the  image  to  generate  a  map  of  geodetic 
location  versus  picture-element  number  in 
the  raw  image. 

The  picture  elements  can  be  mapped 
onto  any  desired  cartographic  projection 
by  a  coordinate  transformation  based  on 
the  geodetic  coordinates  and  on  the  spatial 
relationship  between  the  SAR  slant-range- 
vs. -azimuth  reference  frame  and  the  grid 
of  the  projection.  Because  it  would  involve 
excessive  computation  to  map  exactly  by 
resampling  on  an  element-by-element 
basis,  the  process  is  simplified  (at  the  cost 
of  some  geometric  distortion)  by  dividing 
the  image  into  subblocks  and  locating  the 
points  in  each  subblock  by  a  bilinear  inter- 
polation. 

The  image  intensities  of  the  picture 
elements  are  resampled  in  two  one-dimen- 
sional passes.  The  first  pass  represents  a 
rectification  of  the  image  in  the  along-track 
direction.  The  second  pass  represents  a 
rectification  in  the  across-track  direction. 
To  rotate  the  rectified  image  to  the  geocod- 
ed format,  this  image  is  resampled  further 
in  the  two  one-dimensional  passes  that 
represent  vertical  and  horizontal  image 
shears.  Oversampling  is  performed  prior  to 
rotation  to  reduce  aliasing  of  the  image 
data. 

The  postprocessing  system  has  been 
developed  and  successfully  tested  as  an 
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intergral  part  of  an  operating  SAR  system. 
The  software  is  completely  automated  and 
optimized  for  efficient  processing.  This 
equipment  is  configured  around  a  mini- 
computer with  an  array  processor,  three 
300-Mbyte  disks,  and  a  32-Mbyte  random- 
access  memory  (RAM)  with  system  inter- 
faces to  both  the  minicomputer  and  the 
array  processor  (see  Figure  2).  The 
minicomputer,  which  acts  as  a  host  to  the 
array  processor,  is  equipped  with  128K 


words  of  600-ns  solid-state  memory. 

The  input  slant-range  image  records 
and  the  output  geocoded  image  records 
are  stored  in  disk  files  common  with  the 
SAR  processor  output.  The  RAM  serves  as 
storage  for  the  intermediate  image  from 
each  resampling  pass.  All  resampling  is 
performed  in  the  array  processor  to  op- 
timize the  throughput.  The  ephemeris  data 
and  the  processor-control  parameters,  like 
output-image  size,  picture-element  spac- 


ing, and  the  center  location,  are  stored  in  a 
parameter  file  that  is  automatically  estab- 
lished on  a  magnetic  disk  by  the  SAR  cor- 
relator during  the  initial  generation  of  the 
image. 

This  work  was  done  by  J.  C.  Curlander, 
Ronald  Kwok,  and  Shirley  S.  N.  Pang  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17106  7TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Two-Dimensional  Systolic  Array  for  Kalman-Filter  Computing 

A  simplified  algorithm  enables  real-time  Kalman  filtering. 


A  novel  two-dimensional,  systolic-array, 
parallel  data  processor  performs  Kalman 
filtering  in  real  time.  The  Kalman-filter  algo- 
rithm is  rearranged  to  be  a  Faddeev  algo- 
rithm for  generalized  signal  processing, 
and  the  Faddeev  algorithm  is  mapped  onto 
a  very-large-scale  integrated-circuit  (VLSI) 
chip  in  a  two-dimensional,  regular,  simple, 
and  expandable  array  of  concurrent  proc- 
essing cells.  The  processor  can  also  do 
matrix/vector-based  algebraic  computa- 
tions. Possible  applications  include  the 
adaptive  control  of  robots,  remote  manipu- 
lators and  flexible  structures  and  the  proc- 
essing of  radar  signals  to  track  targets. 

The  Kalman  filter  requires  matrix/vector 
operations.  Among  these,  matrix  inversion 
is  the  most  difficult  to  implement  with 
speed  and  accuracy.  The  Faddeev  algo- 
rithm has  been  suggested  as  a  universal  al- 
gorithm for  various  matrix  manipulations 
due  to  the  fact  that  it  is  easily  systematized 
for  matrix  calculations  and  maps  easily  in- 
to a  concurrent  systolic  array.  It  is  natural 
to  arrange  Kalman-filter  algorithms  into 
forms  of  the  Faddeev  algorithm  to  maxi- 
mize the  capabilities  of  equipment  in  sys- 
tolic arrays. 

Kalman  filters  have  been  shown  to  be 
optimal  linear  estimators  in  the  least- 
squares  sense  for  the  estimation  of  the  dy- 
namic states  of  linear  systems.  A  Kalman 
filter  updates  the  state  estimation  based  on 
prior  estimates  and  observed  measure- 
ments. It  consists  of  the  model  of  the 
dynamic  process,  which  performs  the 
function  of  prediction,  and  a  feedback  cor- 
rection scheme.  The  measurements  can 
be  processed  as  they  occur,  and  there  is 
no  need  to  store  any  measurement  data. 
However,  all  the  associated  matrices  that 
describe  the  dynamics  of  the  system,  the 
measurement  system,  and  the  noise  are 
assumed  to  be  known.  The  conventional 
discrete  time-varying  Kalman-filtering 
process  involves  the  propagation  of  state 
estimates  and  error-convariance  matrices 
from  each  time  sample  to  the  next  time 
sample. 

The  Faddeev  algorithm  is  simple  be- 
cause it  does  not  require  the  direct  compu- 
tation of  the  matrix  inverse.  It  is  necessary 
only  to  annul  the  last  row.  The  solution  in- 
volves triangularization,  a  numerically  sta- 
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A  Square  Array  of  Processors  emerges  directly  from  the  application  of  the  Faddeev  algo- 
rithm to  the  Kalman-filter  problem. 


ble  procedure,  combined  with  an  equally- 
stable  Gaussian  elimination  procedure. 
One  of  the  important  features  of  this  algo- 
rithm is  that  it  avoids  the  usual  back  substi- 
tution or  solution  to  the  triangular  linear 
system  and  obtains  the  values  of  the  un- 
knowns directly  at  the  end  of  the  forward 
course  of  the  computation,  resulting  in  a 
considerable  saving  in  added  processing 
and  storage. 

In  the  new  algorithm,  computations  are 
cyclically  propagated  through  an  ordered 


set  of  eight  passes.  New  data  can  be  shift- 
ed into  the  array  from  the  top,  row  by  row 
as  the  calculation  proceeds,  so  that  there 
need  be  no  delay  in  starting  the  next  matrix 
computation.  The  results  (in  the  lower  right 
quadrant)  of  each  pass  must  be  stored  and 
used  in  later  passes  as  new  entries.  The 
square  processor  arrangement  for  both 
triangularization  and  annulling  steps  is 
shown  in  the  figure.  However,  to  compute 
all  eight  passes,  the  size  of  the  processor  is 
2n  cells  (row)  by  2n  cells  (column). 


"r- 


It  is  desirable  to  have  a  processor  of 
fixed  size  to  handle  all  eight  passes.  How- 
ever, the  size  of  the  matrix/vector  varies 
from  pass  to  pass.  By  padding  zeros  in  ap- 
propriate places,  the  2n  cells  (row)  by  2n 
cells  (column)  become  the  proper  size  for 
implementing  Kalman  filters.  By  the  use  of 
the  fixed-size  2n-by-2n  processor  arrays, 
the  state  estimate  can  be  updated  in  each 
16n  time  units  (assuming  that  it  takes  1 
time  unit  to  manipulate  data  in  a  cell). 

This  work  was  done  by  Jaw  John  Chang 
of  Caltech  and  Hen-Geul  Yeh  of  California 
State  University  for  NASA's  Jet  Propul- 
sion Laboratory. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer  to  NPO-17108/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA91109 
(818)354-4849 
Patent  Counsel: 
Paul  F  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  forJPL:  Norman 
L.  Chalfm 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Intercept-Resistant  Communication  System  Studied 


Communication  systems  that 
are  resistant  to  information 
extraction  by  an  interceptor  but 
do  not  require  the  overhead  of 
formal  encryption  are  a  useful 
compromise  for  less  critical 
applications.  Researchers  at 
Naval  Ocean  Systems  Center, 
San  Diego,  California,  have 
verified  mathematically  a  method 
applicable  to  such  systems. 
Experimental  hardware  has  not 
been  constructed. 

The  method  is  intended  for 
systems  with  a  large  and 
continuous  data  flow.  The 
objective  is  to  enhance  the 
intercept  resistance  of  a  system 
that  has  a  repeat  request 
capability  for  the  intended 
receiver.  Because  of  receiver 
noise,  both  the  intended  receiver 
and  the  interceptor  are  subject  to 
reception  errors.  These  errors 
will  not  always  coincide.     The 


interceptor  cannot  request  a 
repeat  without  revealing  his 
presence.  The  encoding  scheme 
causes  errors  to  propagate 
forward  so  that  uncorrected 
errors  prevent  reconstruction  of 
subsequent  portions  of  the 
transmission.  Design  parameters 
are  specified  that  permit 
considerable  control  of  the 
probabilities  of  errors  and  their 
correctability  by  searches  over 
modifications  of  the  most  recently 
received  portions  of  the  signal 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology   Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130704/TN 
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Airborne  Electromagnetic  Bathymetry  Bird  Prototype 
Completed 


A  team  of  ocean  scientists  and 
engineers  from  Naval  Ocean 
Research  and  Development 
Activity  (NORDA),  Bay  St. 
Louis,  Mississippi,  and  Geophex, 
Ltd.  of  Raleigh,  North  Carolina, 
has  completed  fabrication  of  a 
novel,  lightweight,  airborne 
electromagnetic  (AEM)  bathy- 
metry platform. 

The  prototype  21-foot-long 
bird,  designed  to  be  towed  from  a 
helicopter,  is  shorter,  lighter 
(under  300  pounds)  and  slimmer 
(27  inches  in  diameter)  than 
commercially  available  AEM 
units.  In  addition,  the  new 
system's  digital  transmitter  and 
receiver  give  it  a  capability  for 
electronic  self-calibration  and 
real-time  interpretation  and 
display. 

The  new  NORDA  bird, 
designed  for  shallow  ocean  water 
surveying,  is  being  developed 
primarily  in  response  to  U.S. 
Navy  needs  for  a  rapid  and  cost- 
effective  technique  to  supplement 
or  even  replace  traditional 
shipboard  methods  of  acoustic 
(sounding)  surveying,  which  are 
time-consuming  and  often  not 
well  suited  to  shallow  coastal 
waters.  In  addition  to  routine 
charting,  periodic  and  repeated 
bathymetric  mapping  of  heavily 
trafficked,  shallow-ocean  regions 
is  needed  for  monitoring  sediment 
shifts,  ship  lane  maintenance  and 
a  variety  of  geotechnical 
operations. 


Naval  Ocean  Research  and  Development  Activity's  airborne  electromagnetic 
bathymetry  unit--waiting  to  fly. 

The  need  for  a  better  bird 
than  those  commercially 
available  was  determined  during 
the  last  few  years  from 
experiments  conducted  bv  the 
NORDA  team  off  Cape  "Cod, 
Massachusetts,  and  Chesapeake 
Bay,  Maryland.  Those  experi- 
ments revealed  significant 
problems. 

The  NORDA  bathymetrists 
will  be  evaluating  their  new, 
long,  white,  cigar-shaped  unit  as 
a  research  tool  in  subsequent 
surveys  in  the  coming  months 
along  the  east  and  Gulf  coasts, 
and  will  be  modifying  it,  where 
feasible,  to  enhance  its  design 
even  further. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service, 

Code  E211, 

Naval  Surface  Weapons  Center, 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130701/TN 


( 


83 


Electrotechnology 


0084  High  Accuracy  Satellite  Time  Transfer 

0085  First  Vacuum  Transistor  Demonstrated 

0086  Quantile  Vocoder — Parameters  of  the  spectral  envelope  are  obtained  statisti- 
cally. (Licensing  Opportunity) 

0087  Optical  Image  Subtraction — Progress  of  a  recent  decade  is  reviewed. 

0088  Redundant  Grounding  Circuit  for  Arc  Welding — Arc  burns  at  loose  ground 
connections  are  prevented. 

0089  Tool  for  Tinning  Integrated-Circuit  Leads — As  many  as  eight  flatpacks  can  be 
held. 

0090  Programmable  Pulser — The  user  controls  the  number  of  clock  pulses  to  prevent 
burnout. 

0091  Synchronous  Photodiode-Signal  Sampler — Synchronous  switching  provides 
background  subtraction.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0092  Analog/Digital  System  for  Germanium  Thermometer — Four-wire  measurements 
of  resistance  are  made  with  1-u.A  excitation  in  the  presence  of  noise. 

0093  Closed-Loop  Optical  Rotation  Sensor — Integrated  optics  can  improve  perform- 
ance with  simplified  signal  processing.  (Licensing  Opportunity) 

0094  Photogrammetry  of  a  Parabolic  Antenna — The  surface  is  measured  with  an 
accuracy  better  than  1 0 5  times  the  diameter. 

Other  Items  of  Interest 

0077     Surges  May  Damage  Computer  Printer  Components 

0143     Simplified  Microwave  Radiometer — The  cost,  weight,  and  size  would  be  less 
than  half  of  those  of  conventional  radiometers. 
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NIST   Technology   Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 


High  Accuracy  Satellite  Time  Transfer 


Satellites  have  been  used  for  over  25  years  for  dissemination  of  highly 
accurate  time  information.     The  coverage,  however,  has  heen  restricted 
to  certain  areas  of  the  Earth's  surface.     Now,  NIST  scientists  can 
utilize  several  commercial  communication  satellites  to  disseminate  a 
time  signal  whose  eventual  coverage  will  be  worldwide.     It  will  be  an 
extremely  accurate  signal— to  within  one  nanosecond  (one  billionth  of  a 
second).     The  experimental  service  was  initiated  recently  using  domestic 
U.S.  Satellites  and  will  be  extended  to  an  Intelsat  satellite;  users 
require  both  a  receiver  and  a  transmitter. 


FOR  ADDITIONAL  INFORMATION:     Contact  Dave  Howe,  Time  and 
Frequency  Division,  NIST,  Boulder,  CO  80303. 
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First  Vacuum  Transistor  Demonstrated 


The  Naval  Research  Lab- 
oratory (NRL),  Washington, 
DC,  is  developing  a  radically 
new  vacuum  microelectronic 
device  that  is  reminiscent  of  a 
miniaturized  vacuum  tube,  yet  is 
thousands  of  times  smaller. 

The  principal  investigator  at 
NRL  states  that  vacuum 
microelectronics  combines  the 
fabrication,  processing,  small  size 
and  weight,  and  low-cost 
advantages  of  solid-state 
technology  with  the  advantage  of 
ballistic  vacuum  electron 
transport.  He  also  states  that  it  is 
superior  to  the  solid  type  with 
respect  to  saturation  velocity  and 
associated  transit  time. 

This  new  microelectronics 
technology  is  ultrafast,  ultra- 
radiation    hard,    temperature 


insensitive,  and  very  efficient.  It 
can  be  used  for  both  analog  and 
digital  applications  and  for 
electronics  designed  to  be  used  in 
hostile  environments.  The 
technology  can  use  metals,  high- 
temperature  superconductors, 
organic  conductors  and  com- 
pounds and  composites  as  the 
active  electron  conduction  mate- 
rial as  well  as  semiconductors. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130905/TN 
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Licensing 
Opportunity 


Quantile  Vocoder 

Parameters  of  the  spectral  envelope  are  obtained  statistically. 


An  algorithm  for  the  digital  compression 
of  speech  signals  encodes  the  power 
spectral  density  of  each  short  interval  of 
speech  by  the  use  of  quantiles  or  order 
and  its  reference  image.  Although  the 
demonstration  involved  only  three  objects, 
in  theory,  the  capacity  of  the  system  can  be 
expanded  to  enable  the  tracking  of  hun- 
dreds of  objects. 

The  principle  of  operation  is  illustrated  in 
Figure  1.  The  scene  containing  the  moving 
objects  is  monitored  by  a  cha  ge-coupled- 
device  television  camera,  the  output  of 
which  is  fed  to  a  liquid-crystal  television 
(LCTV)  display.  Acting  as  a  spatial  light 
modulator,  the  LCTV  impresses  the  im- 
ages of  the  moving  objects  on  a  collimated 
laser  beam.  The  beam  is  spatially  low-pass 
filtered  to  remove  the  high-spatial-fre- 
quency television  grid  pattern. 

An  N-by-N  multifocus  hololens  process- 
es the  image-modulated,  spatially  filtered 
laser  beam  to  generate  an  N-by-N  array  of 
Fourier  spectra  of  the  image.  These  spec- 
tra are  used  to  address  simultaneously 
an  array  of  prefabricated  holographic 
matched  spatial  filters.  (During  the  syn- 
thesis of  these  filters,  a  linearly  shifted, 
coded  reference  laser  beam  can  be  used 
to  separate  spatially  the  output  correlation 
planes  associated  with  each  filter.  There- 
fore, each  object  can  be  tracked  and 
recognized  in  real  time.)  The  output  cor- 
relation peaks  are  picked  up  by  an  array  of 
charge-coupled-device  detectors.  An  ob- 
ject is  considered  to  be  identified  and  locat- 
ed where  its  correlation  peak  exceeds  a 
specified  threshold  amplitude. 

For  the  demonstration,  a  commercial 
LCTV  screen  was  submerged  in  a  liquid 
gate  filled  with  insulating  mineral  oil  to 
reduce  nonuniformity  of  phase.  A  3-by-3 
hololens  was  formed  in  dichromated  gela- 
tin. For  simplicity,  a  column  of  3-by-3 
matched  spatial  filters  was  synthesized  to 
track  the  motions  of  three  toy  cars.  The 
matched  spatial  filters  were  recorded  by 
use  of  a  thermoplastic  plate  for  high  effi- 
ciency of  diffraction  and  ease  of  proces- 
sing. Figure  2  shows  the  correlation  peaks 
of  the  three  cars. 


Lens 


Charged-Coupled-Devlce 
Television  Cameras 


Figure  1.  This  Real-Time  Image-Processing  System  relies  on  holographic  optical  techniques 
to  recognize  and  track  several  independently  moving  objects. 


This  work  was  done  by  Tien-Hsin  Chao 
and  Hua-Kuang  Liu  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer  to  NPO-17139fTN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 


Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  for  J  PL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA91109 
(818)354-2240 


Position 


Figure  2.  The  Positions  of  Three  Objects 

are  indicated  by  the  locations  of  peaks  in 
the  signals  of  correlations  of  their  images 
with  reference  images  incorporated  in 
matched  spatial  filters. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Optical  Image  Subtraction 

Progress  of  a  recent 
decade  is  reviewed. 

A  report  reviews  the  optical  image  sub- 
traction techniques  developed  during  the 
years  1975  through  1985.  Optical  image 
subtraction  is  useful  in  such  disciplines  as 
studies  of  earth  resources,  meteorology, 
automatic  surveillance,  pattern  recogni- 
tion, studies  of  urban  growth,  and  com- 
pression of  bandwidth  in  communication 
systems.  Optical  image  subtraction  re- 
quires the  tedious,  precise  alignment  of  ex- 
pensive equipment  by  highly  trained  tech- 
nicians and  has  limited  dynamic  range. 
Nevertheless,  it  offers  an  attractive  alter- 
native to  digital  electronic  image  subtrac- 
tion in  that  it  is  much  faster  and  treats  all 
parts  of  the  images  simultaneously. 

There  are  two  categories  of  optical 
image-subtraction  techniques:  real-time 
and  non-real-time.  The  report  describes 
the  following  real-time  techniques: 
•Source  encoding —  an  amplitude-sub- 
traction technique  involving  an  extended 
quasi-monochromatic  (filtered  white)  light 
source  encoded  by  a  one-dimensional 
(parallel-slit)  mask; 
•  Polarization  modulation  —  an  amplitude- 
subtraction  technique  that  includes  a 
monochromatic  point  light  source  and 
polarizing  filters; 


•  Pseudocolor  image-difference  detec- 
tion —  an  intensity-subtraction  technique 
that  includes  an  extended  white  light 
source  and  red  and  green  filters; 

•  Holographic-shear-lens  technique  —  an 
amplitude-subtraction  technique  with  a 
monochromatic  point  light  source  and  a 
holographic  shear  lens  synthesized  by  the 
superposition  of  two  Fresnel  zone  plates 
at  different  spatial  frequencies;  and 

•  Nonlinear  electro-optics —  amplitude 
subtraction  of  monochromatic  light  from  a 
point  source,  based  on  two-  or  four-wave 
mixing  in  nonlinear  electro-optical  crys- 
tals. 

The  reported  non-real-time  image-sub- 
traction techniques  are  the  following,  all  of 
which  involve  intensity  subtraction: 

•  Speckle-diffuser  encoding  —  a  double- 
exposure  method  that  uses  an  extended 
quasi-monochromatic  light  source  and  ex- 
ploits the  multiple-imaging  effect  of  a 
speckle  pattern  on  photographic  film  to 
modulate  an  input  image  with  multiple  de- 
magnified  images  of  a  coarse,  one-dimen- 
sional mask; 

•Speckle-pattern  encoding  —  another 
double-exposure  method  that  uses  a  point 
source  of  monochromatic  light,  a  diffuser, 


and  a  two-pinhole  mask  to  produce 
speckle-modulated  Young's  fringes; 

•  Halftone-screen  encoding  —  a  three- 
step  method  involving  an  extended  white 
light  source  and  a  succession  of  contact 
prints  through  one-dimensional  halftone 
screens;  and 

•  Polarization-shifted  carrier  encoding  —  a 
double-exposure  method  involving  a 
quasi-monochromatic  slit  light  source  and 
the  formation  of  shifted  high-contrast 
sinusoidal  modulation  patterns  on  the 
transparencies  of  the  images  to  be  sub- 
tracted. 

The  real-time  techniques  are  proba- 
bly the  most  useful  because  they  enable 
the  immediate  processing  of  enormous 
amounts  of  information.  However,  this  is 
not  to  discount  the  non-real-time  tech- 
niques. Moreover,  some  of  the  non-real- 
time equipment  may  be  converted  to  real- 
time operation  through  the  installation  of 
advanced,  real-time  spatial  light  modula- 
tors or  electro-optical  devices. 

This  work  was  done  by  Hua-Kuang  Liu 
and  Tien-Hsin  Chao  ofCaltech  for  NASA's 
Jet  Propulsion  Laboratory. 
"Optical  Image  Subtraction  Technigues, 
1975-1985. "  NPO-17016  /TN 
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Redundant  Grounding  Circuit  for  Arc  Welding 

Arc  burns  at  loose  ground  connections  are  prevented. 


A  protective  grounding  scheme  for  an 
arc-welding  power  supply  includes  four 
ground  leads  to  the  workpiece  and  a  circuit 
that  automatically  turns  off  the  welding 
current  if  one  or  two  ot  these  ground  leads 
becomes  disconnected.  The  scheme  pre- 
vents the  burns  and  inadvertent  welding 
that  can  occur  where  the  full  welding  cur- 
rent passes  through  a  single  loose  ground 
contact. 

The  protective  circuit  is  an  integral  part 
of  the  welding  power-supply  control  circuit 
(see  figure).  When  the  user  presses  the 
starting  switch,  power  at  117  Vac  is  applied 
to  the  master  control  relay  switch  MC  and 
to  the  primary  windings  of  transformers  T, 
through  T3.  The  transformers  are  parts  of 
power  supplies  PS1  through  PS3,  which 
provide  24  Vdc  to  close  control  relay 
switches  K1  through  K3.  As  long  as  the 
stopping  switch  is  not  pressed  and  all  the 
ground  leads  remain  connected  to  the 
workpiece,  all  the  relays  remain  energized, 
and  switches  K1  through  K3  and  MC  re- 
main closed;  thus,  the  welding  power  sup- 
ply remains  on. 

In  normal  operation,  the  welding  current 
on  the  ground  side  flows  to  the  workpiece 
through  diodes  D1  through  D4  into  ground 
leads  1  through  4,  respectively.  Each  diode 
could  carry  the  full  300-A  welding  current. 
Each  diode  is  shunted  by  a  radio-frequency 
bypass  unit  (RFBP),  which  consists  of  ca- 
pacitors and  varistors  that  carry  the  radio- 
frequency  welding  current  used  to  start  the 
arc. 

If  ground  lead  1  becomes  disconnected 
from  the  workpiece  during  operation,  the 
welding  and  relay  currents  continue  to  flow 
in  the  other  leads.  But  if  lead  2, 3,  or  4  loses 
contact  with  the  workpiece,  the  current 
can  no  longer  flow  from  PS1 ,  PS2,  or  PS3  to 
relay  switch  Kv  K2,  or  K3  respectively.  In 
that  case,  the  affected  switch  opens,  turn- 
ing off  the  power  to  all  relays,  including 
master  control  switch  MC.  When  MC 
opens,  the  welding  power  supply  is  turned 
off. 

This  work  was  done  by  Richard  K. 
Burley  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 


460  Vac, 

Three  Phase 
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Welding  Torch- 


Output  to  Welding  Torch 


Ground  Contact  • 


Interlocking  Relay  Switches  turn  off  the  460-Vac,  three-phase  input  to  the  welding  power 
supply  if  any  of  ground  leads  2,  3,  or  4  becomes  disconnected  from  the  workpiece. 


MFS-29396/TN 
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Tool  for  Tinning  Bntegrated-Circuit  Leads 

As  many  as  eight  flatpacks  can  be  held. 


A  tool  holds  flatpack  integrated  circuits 
so  that  their  leads  can  be  tinned.  The  tool 
accommodates  several  flatpacks  for  si- 
multaneous dipping  of  leads  in  molten 
solder.  It  can  be  adjusted  to  accept  flat- 
packs  in  a  range  of  sizes. 

The  tool  is  made  of  fiberglass  boards.  It 
clamps  a  row  of  flatpacks  by  their  leads  so 
that  leads  on  the  opposite  side  of  the  pack- 


ages can  be  dipped  (see  figure).  After  dip- 
ping, the  nuts  on  the  boards  are  loosened, 
the  flatpacks  are  turned  around,  the  nuts 
are  retightened,  and  the  untinned  leads  are 
dipped.  Strips  of  magnetic  material  grip  the 
leads  of  the  flatpacks  (which  are  made  of 
Kovar,  a  magnetic  iron/nickel/cobalt  alloy) 
while  the  boards  are  being  repositioned.  A 
micrometerlike  screw  is  used  to  adjust  the 


exposed  width  of  magnetic  strip  to  suit  the 
dimensions  of  the  flatpacks. 

The  tool  can  be  redesigned  to  handle 
larger  hybrid  packages.  It  can  also  be 
adapted  to  axial-lead  components  like  re- 
sistors, capacitors,  and  diodes. 

This  work  was  done  by  Gregory  N. 
Prosser  of  Martin  Marietta  Corp.  for 
Johnson  Space  Center.  No  further  docu- 
mentation is  available.    MSC-21261  /TN 
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Adjustable  Boards  Clamp  Flatpacks  for  dipping  in  solder.  The  flatpacks,  mounted  here  only  on  the  left  side  of  the  tool,  can  also  be  clamped 
on  the  right  side.  The  screwdriver  can  be  inserted  on  either  side  of  the  tool. 
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Programmable  Pulser 

The  user  controls  the  number  of  clock  pulses  to  prevent  burnout. 


A  new  digital  programmable  pulser  cir- 
cuit can  provide  clock  pulses  in  three  for- 
mats: freely  running,  counted,  and  single 
pulse.  It  operates  at  frequencies  up  to  5 
MHz,  with  no  special  consideration  given 
to  the  layout  of  components  or  to  termina- 
tions. The  programmable  pulser  is  an  in- 
valuable tool  for  initial  verification  or 
diagnosis  of  digital  or  digitally  controlled 
circuitry. 

The  programmable  pulser  (see  Figure  1 ) 
is  based  on  a  sequential  circuit  that  has 
four  states  and  a  binary  counter  with  ap- 
propriate decoding  logic.  The  number  of 
programmable  pulses  can  be  increased 
beyond  127  by  the  addition  of  another 
counter  and  decoding  logic.  For  very  large 
pulse  counts  and/or  very  high  frequencies, 
synchronous  counters  could  be  used  in 
place  of  ripple  counters  to  avoid  errors 
caused  by  propagation  delays. 

The  sequence  logic  includes  the  count- 
er and  decoding  circuit  illustrated  in  Figure 
2.  An  external  square-wave  generator  of 


Sequence  Logic 
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Figure  1.  The  Programmable  Pulser  consists  of  logic  circuits  connected  to  counter,  switch- 
debouncing,  and  stopping/resetting  circuits. 


the  desired  frequency  is  connected  to  the 
input.  The  user  then  sets  a  group  of  binary- 
weighted  switches  to  select  the  desired 
number  of  clock  pulses.  In  the  configura- 


tion shown,  the  user  can  program  a  maxi- 
mum of  127  pulses.  If  the  user  wants  a 
single  clock  pulse,  switch  2  is  turned  on.  To 
obtain  six  clock  pulses,  switches  3  and  4 
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Figure  2.  The  Counter  and  Decoding  Circuit  includes  binary-weighted  switches  that  are  thrown  to  select  the  number  of  clock  pulses  to  be 
counted. 

90 


are  turned  on.  Switch  1  allows  the  output  to 
run  freely. 

The  starting  switch  (not  shown  in  Figure 
2)  must  be  pressed  before  any  clock  puls- 
es will  appear  on  the  output.  Multiple  bursts 
of  the  programmed  clock  pulses  can  be 
obtained  by  repetitively  pressing  the  start- 
ing switch.  Because  the  sequential  circuit 
is  synchronous,  the  starting  button  must  be 
depressed  for  at  least  one  cycle  of  the  in- 
put clock.  When  the  stopping  button  is 


pressed,  clock  pulses  at  the  output  stop  im- 
mediately, and  the  counter  resets  to  zero. 
The  clock  output  is  inhibited  if  an  internal 
error  occurs.  Once  an  error  occurs,  the 
user  must  intervene  to  reset  the  circuit  and 
reenable  the  clock  output.  Resetting  is  ac- 
complished by  pressing  the  stopping  but- 
ton. If  desired,  the  stopping  button  can  be 
wired  in  parallel  with  another  circuit  that 
turns  on  the  power  to  ensure  that  the  cir- 
cuit is  ready  for  operation. 


The  prototype  of  the  circuit  was  used  as 
the  master  clock  in  a  20-kHz  resonant  in- 
verter. With  the  pulser  working  in  the  count- 
ed-pulse  mode,  current  and  voltage  anom- 
alies in  the  inverter  were  detected  without 
causing  burnout  of  the  components  of  the 
power  circuitry  during  testing. 

This  work  was  done  by  Eric  Baumann  of 
Lewis  Research  Center  and  Anthony 
Merolla  of  Sverdrup  Technology  Inc. 
LEW-14585  /77V 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


( 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Synchronous  Photodiode-Signal  Sampler 

Synchronous  switching  provides  background  subtraction. 


Asynchronous  sampling  circuit  increas- 
es the  signal-to-noise  ratio  of  measure- 
ments of  a  chopped  signal  of  known  phase 
and  frequency  in  the  presence  of  low-fre- 
quency or  dc  background  noise  The  cir- 
cuit (see  figure)  has  been  used  with  a  linear 
array  of  photoelectric  sensors  for  locating 
the  edge  of  a  metal  plate.  In  this  applica- 
tion, a  multiplexing  circuit  cycles  through 
16  light-emitting-diode/photodiode  pairs, 
under  computer  control.  The  sampling  cir- 
cuit is  synchronized  with  the  multiplexer,  so 
that  the  edge  detector  makes  one  back- 
ground-subtracted signal  measurement 
per  emitter/detector  pair  in  turn.  (Of 
course,  the  synchronous  sampling  circuit 
could  also  be  used  for  repeated  measure- 
ments of  one  signal.) 


The  chopped  signal  from  each  light- 
emitting  diode,  which  is  switched  on  and 
off  by  waveform  T4,  is  detected  by  the  cor- 
responding photodiode.  Amplifier  A1  feeds 
this  chopped  signal  to  coupling  capacitors 
C0  and  Cv  which  remove  the  dc  and  low- 
frequency  signals  generated  by  ambient 
light.  During  the  portion  of  the  cycle  when 
the  light-emitting  diode  is  off,  switches  S0 
and  S1  are  closed,  thereby  grounding  the 
inputs  of  amplifiers  Ag  and  Ag  and  prevent- 
ing signal  transmission.  S0  is  opened  just 
before  the  light-emitting  diode  comes  on, 
and  S2  is  opened  shortly  thereafter,  so  that 
the  amplified  photodiode  response  is 
passed  to  the  integrating  circuit  of  R  and 
C2. 

When  the  light-emitting  diode  is  turned 


off,  S0  is  again  closed  to  ground  the  input  of 
A2,  while  S2  is  opened  to  allow  signal 
transmission  to  A3.  Shortly  after  this,  S3  is 
closed  to  pass  the  photodiode  output  to  the 
integrator  formed  by  R  and  C3.  Integrator 
voltage  V2  thus  includes  the  background 
plus  light-emitting-diode  signal  compo- 
nents, while  integrator  voltage  V3  includes 
the  background  component  only. 

V2  and  V3  are  fed  to  differential  ampli- 
fier A4,  which  subtracts  one  from  the 
other.  Therefore  V4,  the  output  of  A4,  is 
proportional  to  the  signal  voltage  from 
the  light-emitting  diode.  An  analog-to-di- 
gital converter  reads  this  signal  voltage 
once  during  each  cycle,  after  V2  and  V3 
have  been  acquired. 

In  addition  to  suppressing  the  re- 
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The  Synchronous  Signal  Detector  is  controlled  by  timing  signals  TQ  through  T3.  The  light-emitting  diodes  producing  the  signals  to  be  measured 
are  controlled  by  timing  signal  T4.  In  the  application  shown,  a  4-bit  address  supplied  by  a  computer  determines  which  one  of  16  light-source/photo- 
diode-detector  pairs  is  to  be  used  at  any  given  moment. 


91 


sponse  to  steady  and  slowly-fluctuating 
ambient  light,  this  synchronous  sam- 
pling circuit  removes  background  noise 
outside  the  frequency  pass  band  deter- 
mined by  the  sampling  pulse  width.  This 
feature  is  particularly  desirable  when  it 
is  necessary  to  detect  the  signal  in  the 
presence  of  such  interference  as  fluor- 
escent lamps  or  flashing  light  from  a 
nearby  welding  arc. 

This  work  was  done  by  Howard  K. 
Primus  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 


In  accordance  with  Public  Law 
96-517,  the  contractor  has  elected  to  re- 
tain title  to  this  invention.  Inquiries  con- 
cerning rights  for  its  commercial  use 
should  be  addressed  to 
Edward  Ansell, 

Director  of  Patents  and  Licensing 
Mail  Stop  301-6 

California  Institute  of  Technology 
1207  East  California  Boulevard 
Pasadena,  CA91125 
Refer  to  NPO-16698./TN 
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Technology  Utilization 
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Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
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Analog/Digital  System  for  Germanium  Thermometer 

Four-wire  measurements  of  resistance  are  made  with  1-^A  excitation  in  the  presence  of  noise. 


An  electronic  system  containing  analog 
and  digital  circuits  (see  figure)  makes  high- 
precision,  four-wire  measurements  of  the 
resistance  of  each  germanium  resistance 
thermometer  (GRT)  in  an  array  of  such  de- 
vices, using  an  alternating  current  (ac)  of 
1  /A  The  circuit  is  designed  to  operate  in 
the  presence  of  the  electronic  noise  en- 
countered in  the  Space  Shuttle  cargo  bay. 
It  may  also  be  useful  in  noisy  terrestrial  en- 
vironments like  those  encountered  in  fac- 
tories. 

A  crystal  oscillator  provides  the  basic 
timing  for  the  system.  A  counter  chain 
counts  the  oscillator  frequency  down  to 


about  32  Hz.  The  outputs  of  the  counter 
are  used  to  form  an  address  to  a  pair  of 
programmable  read-only  memories 
(PROM's),  in  which  a  16-bit  sine  wave  is 
encoded.  The  outputs  of  the  PROM's  are 
converted  to  an  analog  signal  by  a  digital- 
to-analog  converter.  The  analog  sine  wave 
controls  a  1-^A-peak,  high-compliance, 
balanced  current  source. 

The  resulting  differential  current  is  multi- 
plexed out  through  low-leakage  analog 
multiplexers  to  a  selected  GRT.  The  ac 
voltage  on  the  GRT  caused  by  this  current 
is  multiplexed  back  to  a  high-common- 
mode-rejection  instrumentation  amplifier 


with  a  gain  on  the  order  of  several  hundred. 
The  bandwidth  of  the  preamplifier  is  limited 
to  the  minimum  necessary  to  pass  the 
signal  unattenuated.  The  high-level  ampli- 
fied signal  plus  noise  is  digitized  to  16  bits 
at  nearly  the  maximum  rate  of  the  analog- 
to-digital  (A/D)  converter,  about  10  kHz. 
The  analog  section  operates  in  ac  mode, 
eliminating  offset,  bias,  differential  linearity, 
and  missing-code  errors. 

These  samples  are  read  in  by  a  very 
compact  microprocessor  system  with  a 
clock  rate  of  about  1  MHz.  Because  the 
timing  of  the  outgoing  signal  is  known  pre- 
cisely, a  synchronous  demodulation  is 
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"I"  means  "current." 
"V"  means  "voltage." 


This  Analog/Digital  System  measures  resistance  of  germanium  resistance  thermometers  with  16-bit  precision  using  only  1-/jA  excitation  in 
the  presence  of  noise. 
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easily  implemented  by  summing  readings 
from  the  positive  half  cycle  to  one  register 
and  readings  from  the  negative  half  cycle 
to  another.  A  smoothing  window  may  be 
applied  to  the  data  at  this  point.  This  proc- 
ess is  illustrated  symbolically  with  a  relay  in 
the  figure  but  is  implemented  totally  in  soft- 
ware, thereby  eliminating  the  errors  as- 


sociated with  the  chopper  and  the  averag- 
ing capacitors. 

At  the  end  of  the  measurement  interval, 
the  contents  of  the  negative  register  are 
subtracted  from  those  of  the  positive  one, 
resulting  in  a  very-narrow-band  synchro- 
nous demodulation  of  the  carrier  wave  and 
suppression  of  the  out-of-band  noise.  The 


microprocessor  is  free  to  perform  other 
duties  after  the  measurement  is  complete. 
This  work  was  done  by  Christopher 
Woodhouse  of  Goddard  Space  Flight 
Center.  No  further  documentation  is  avail- 
able. 
GSC-13149/TN 
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Closed-Loop  Optical  Rotation  Sensor 

Integrated  optics  can  improve  performance  with  simplified  signal  processing. 
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The  Optical  Rotation  Sensor  would  be  built  with  integrated  optics  to  simplify  the  generation  of  pulses  that  represent  the  increments  of  rota- 
tion. 


A  proposed  optical/electronic  system 
can  sense  rotation  and  emit  pulses  at  an- 
gular increments.  Unlike  conventional  ring 
laser  gyroscopes,  the  system  would  pro- 
vide a  linear  scale  factor  across  a  wide 
range  of  rotation  rates  (0.003°  per  hour  to 
300°  per  second)  with  no  lockup  at  the  null. 
Because  of  the  integrated  optics,  the  new 
system  design  needs  no  analog-to-digital 
converters  with  elaborate  signal-proc- 
essing circuits. 

The  system  is  shown  schematically  in 
the  figure.  Light  from  a  laser  diode  is  split 
evenly  into  two  beams  propagating  in  op- 
posite directions  around  a  rotation-sensing 
coil  of  optical-fiber  waveguide.  In  the  ab- 
sence of  phase  modulation,  the  beams  ac- 
quire a  phase  difference  proportional  to 
the  rotation  rate  as  they  pass  through  the 
coil.  After  emerging  from  the  coil,  the 
beams  are  recombined  in  a  beam  splitter, 
and  the  coherent  sum  is  fed  to  the  photodi- 
ode shown  at  the  left  in  the  figure. 

Before  entering  the  coil,  the  lower  beam 
is  modulated  with  a  sinusoidally-varying 
phase  shift.  A  phase-sensitive  demodula- 


tion of  the  left  photodiode  output  synchro- 
nized with  the  sinusoidal  phase  modulation 
produces  an  output  signal  proportional  to 
the  sine  of  the  rotational  phase  shift.  This 
signal  can  be  used  directly  as  the  rotation- 
rate  signal  for  slow  rotations  or  as  an  error 
signal  for  closing  a  phase-nulling  control 
loop. 

In  response  to  the  error  signal,  the  up- 
per beam  entering  the  coil  is  modulated 
with  a  ramping  phase  change.  The  result- 
ing difference  in  frequency  between  the 
two  beams  is  di  rectly  proportional  to  the  ro- 
tation rate.  Two  0.1-dB  waveguide  beam 
splitters  tap  off  a  small  portion  of  each 
beam,  and  the  beat  note  between  them  is 
obtained  optically  by  recombination  in  a 
four-port,  3-dB  beam  splitter. 

Two  photodiodes  (one  is  redundant) 
convert  the  optical  beats  to  electrical  sig- 
nals, which  are  fed  to  the  beat-detector 
logic.  A  square-wave  modulator  imposes 
an  additional  ±  n/2  phase  shift:  This  alters 
the  sequence  of  beat-note  maximums  and 
minimums  in  a  way  that  is  used  by  the  beat- 
detector  logic  to  determine  the  algebraic 


signs  of  the  rotational  increments.  The  out- 
put is  thus  a  series  of  pulses  that  are  used 
to  count  the  angular  increments  up  and 
down  to  the  present  angular  position. 

This  work  was  done  by  Willis  C.  Goss, 
Bruce  R.  Youmans,  Noble  M.  Nerheim, 
and  Randall  K.  Bartman  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,662,751).  In- 
quiries concerning  nonexclusive  or  ex- 
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Photogrammetry  of  a  Parabolic  Antenna 

The  surface  is  measured  with  an  accuracy  better 
than  1 05  times  the  diameter. 

A  report  describes  the  use  of  advanced  close-range 
photogrammetry  to  determine  the  deviations  ot  a  34-m-diameter 
antenna  main  reflector  and  its  subreflector  from  their  nominal 
paraboloidal  shapes.  These  measurements  enabled  the  removal 
of  linear  offsets  and  angular  misalignments  of  the  subreflector, 
with  a  consequent  increase  of  4  percent  in  the  aperture  efficiency. 

Adhesive-backed  retroreflective  targets  1  cm  in  diameter  were 
installed  on  the  two  antenna  reflectors.  Back-to-back  target  pairs 
were  also  installed  on  brackets  attached  to  the  edge  of  the 
subreflector  so  that  the  photogrammetric  determinations  of  the 
main  reflector  and  the  subreflector  could  be  tied  together:  this  is 
claimed  to  be  the  first  use  of  back-to-back  retroreflectors  for  such 
a  purpose.  A  targeted  30-m  low-expansion  nickel/cast-iron  alloy 
tape  marked  with  targets  was  installed  across  the  face  of  the  main 
reflector  to  set  the  absolute  scale. 

A  precise  mobile  photogrammetric  camera  was  used  to  take 
pictures  of  the  targets.  Within  each  of  4  coordinate  networks 
relative  to  the  face  of  the  antenna,  the  camera  was  placed  at  6  to 
1 0  positions  chosen  by  a  computerized  optimization  procedure 
to  minimize  the  triangulation  errors  in  the  measured  target  coor- 
dinates. The  photography  required  less  than  1  hour  in  each  coor- 
dinate network.  The  photographs  were  taken  at  night,  using 
stroboscopic  illumination,  to  avoid  the  thermal  expansion  of  the 
antenna  that  would  be  caused  by  Sunlight.  When  each 
photograph  was  taken,  the  camera  simultaneously  recorded 
25  calibration  marks  across  the  film  to  enable  corrections  for 
stretching  or  shrinkage  of  the  film  during  the  development  pro- 
cess and  subsequent  examination. 

The  photographs  were  read  automatically  by  a  digitizer,  which 


recorded  the  coordinates  of  the  target  images  and  film-calibration 
marks  in  the  reference  frames  of  the  photographs.  These  coor- 
dinates were  processed  through  a  series  of  computer  programs, 
which  performed  rigorous,  simultaneous  least-squares  triangula- 
tions  to  determine  the  relative  positions  and  uncertainties  in  posi- 
tions of  the  targets.  The  mean  standard  deviations  in  the  axial 
coordinates  were  0.033  mm  for  the  subreflector  and  0.1 32  mm 
for  the  main  reflector.  These  values  represent  an  accuracy  of 
about  1  /260.000  of  the  antenna  diameter. 

The  least-squares  best-fit  paraboloid  was  found  for  each  anten- 
na surface,  then  used  to  establish  a  Cartesian  reference  frame 
for  the  photogrammetric  target  coordinates.  The  apexes  of  the 
best-fit  and  design  paraboloids  were  brought  into  coincidence; 
then  the  individual  axiai  deviation  of  each  target  was  taken  as  its 
best-fit  axial  coordinate  minus  the  axial  coordinate  of  the  design 
paraboloid  at  the  same  radial  coordinate.  Plots  of  individual  ax- 
ial deviations  and  root-mean-square  surface  tolerances  were 
computed.  Because  measurements  were  taken  at  two  antenna 
tilt  angles,  these  plots  made  it  possible  to  quantify  the  change  of 
antenna  shape  due  to  gravitation. 

This  work  was  done  by  W.  D.  Merrick,  F.  L.  Lansing,  F.  W. 
Stoller,  and  V.  B.  Lobb  ofCaltech  for  NASA's  Jet  Propulsion 
Laboratory. 

"Precision  Photogrammetric  Measurements  of  NASA-JPL  34-m 
Antenna  Reflectors." 

Inquiries  concerning  rights  for  the  commercial  use  of  this  inven- 
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Coal  as  a  Source  of  Clean  Carbon  Fuel  and 
Industrial   Hydrogen 


Coal  can  be  processed  to  yield  clean  carbon  free  of  mineral  matter,  sulfur 
and  other  undesirable  impurities.     In  addition  to  undesirable  impurities, 
coal  contains  significant  quantities  of  hydrogen  in  the  ratio  of  a  little 
less  than  one  carbon  to  one  hydrogen  atom.     It  is  proposed  that  coal  be 
directly  gasified  with  a  fixed  inventory  of  hydrogen  to  yield  methane 
(CH4).     Subsequently,  the  CH4  can  be  decomposed  to  yield  pure  carbon 
and  hydrogen.     In  such  a  process,   the  hydrogen  would  be  continuously 
recycled  between  the  gasification/decomposition  processes.     Due  to 
hydrogen  contained  in  the  original  coal,  the  inventory  of  hydrogen 
would  increase.     In  a  commercial  operation  where  clean  carbon  is 
recovered,  the  excess  hydrogen  could  be  sold  as  an  industrial  chemical 
or  perhaps  a  fuel. 

Although  the  original  impetus  for  the  idea  was  to  produce  clean  carbon 
from  coal,  it  was  soon  realized  that  production  of  industrial  by  product 
hydrogen  was  another  benefit  of  this  coal  conversion  process.     The  overall 
concept  of  coal  conversion  to  clean  carbon  is  a  new  process  idea  and 
proposed  work  is  under  consideration  by  the  U.S.  DOE. 

Literature  -  "Economical  Clean  Carbon  and  Gaseous  Fuels  From  Coal  and 
Other  Carbonaceous  Raw  Materials",  M.  Steinberg  and  E.W.  Grohse, 
November  1987,  BNL  #40485. 

FOR  ADDITIONAL  INFORMATION:     Contact  Dr.  William  Marcuse,  Head, 
Office  of  Research  and  Technology  Applications,  Bldg.  475-B,  Brookhaven 
National  Laboratory,  Upton,  NY   11973;  (516)  282-2103.     Refer  to  BNL/ 
AA-33/TN. 
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Technology  Application 


Solar  Energy  Research  Institute 


Energy  Conservation  Technical  information  Guide 
Volume  1:  Resource  Directory 


This  directory  is  the  first  of  a  set  of  energy  conservation  technical  information 
guides  (TIGs)  designed  to  provide  information  about  conservation  technologies. 
It  is  written  for  several  audiences,   including  scientists  and  engineers,  university 
researchers,   manufacturers,  and  utility  policymakers  and  planners.     The 
directory  lists  the  primary  research  and  other  organizations  involved  with  the 

federal  conservation  research  program  and  similar  efforts.     Textual  and 
computerized  information  sources  are  also  listed.     Also  available  from  U.S. 
Superintendent  of  Documents. 


FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22 1 61;  (703)  487-4600. 

NTIS  order  number:     DE87012269/NAL 

Price  code:     A07 
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Technology  Application 


Energy  Signatures 

A  Passive  Solar  Design  Tool 


Energy  Signatures,  a  new  passive  solar  design  tool  being  developed  is 
similar  in  concept  to  the  technique  called  Energy  Graphics  but  extends 
in  important  new  directions.     An  energy  signature  is  an  hourly  profile 
of  heat  flux  into  or  out  of  a  building  space  due  to  a  particular  component, 
such  as  a  window,  Trombe  wall,  or  sunspace.     The  signature  depends  on 
the  orientation,   the  specifications  of  the  component,  the  building  mass 
characteristics,  and  the  weather.     The  key  advantage  of  the  energy 
signature  approach  is  that  the  hourly  profiles  take  account  of  the  dynamic 
characteristics  of  the  component  being  analyzed  and  of  the  building. 
Since  buildings  are  inherently  dynamic  in  their  behavior,  this  accounting 
is  essential  if  realistic  results  are  to  be  obtained. 

Energy  signatures  are  calculated  individually  by  simulation  for  as  many 
time  periods  and  as  many  building  elements  as  desired.     Actual  hourly 
weather  data  are  used.     One  determines  a  building's  heat  or  cooling 
requirement  profile  during  the  same  time  periods,  also  by  simulation, 
assuming  a  desired  internal  temperature  profile,  schedule  of  internal  gain, 
and  building  mass  characteristics.     The  challenge,  then,  is  to  identify 
the  best  combination  of  components  from  the  available  options  in  order 
to  best  match  the  energy  requirement  profile.     This  can  be  done  quickly 
using  a  least-squares  technique. 
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Thermal  Hetwork  of  «a  Attached  Sunspace.   Numbers  shown  refer  to 
a  40-ft  sunspace  length  correeponding  to  a  400-ft   floor  area; 
however,  results  are  reported  per  unit  of  glaring  area. 
Conductances  between  nodes  are  shown  in  3tu/h-*F.   Heat 
capacities  at  nodes  are  shown  in  Btu/'F.   Numbers  in  circles 
refer  to  allocation  of  transmitted  solar  gain. 
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The  main  purpose  of  energy  signatures  is  to  provide  a  tool  that  is  not 

only  informative  but  is  also  instructive.     Many  design  tools,  such  as 

the  solar  load  ratio  method  or  a  large  computer  simulation  program, 

would  better  be  called  evaluation  tools  since  they  offer  no  guidance; 

only  results.     Energy  signatures  will  provide  a  designer  with  specific  a 

quantitative  suggestions  that  identify  the  most  effective  strategies  and 

how  to  blend  them  to  achieve  a  desired  result. 

The  energy  signatures  method  has  been  tried  out  successfully  on  several 
test  problems  and  has  produced  meaningful  answers  that  would  be  difficult 
to  determine  by  other  methods.     It  is  suggested  that  the  method  could 
eventually  be  implemented  in  a  microcomputer  environment  in  which  the 
user,  not  necessarily  understanding  the  details  of  the  analysis,   simply 
selects  candidate  strategies  and  receives  advice  about  the  suggested 
options. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further,  contact: 
J.D.  Balcomb,  Solar  Energy  Research  Institute,  U.S.  DOE,   1617  Cole 
Boulevard,  Golden,  CO  80401-3393.     A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     DE88-001  130/NAC 

Price  code:     A04 
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Gravity  Compensation  Technique  Uses  Small  dc  Motor 

The  motor  is  a  lighter  and  more  compact  alternative  to  a  counterbalance. 


A  small  dc  servomotor  powered  by  a 
simple  constant-current  source  and  with 
suitable  gearing  can  be  used  to  cancel  the 
effect  of  gravity  upon  the  load.  The  motor 
can  be  used  in  a  variety  of  mechanical 
systems  where  a  load  is  to  be  positioned  or 
accelerated  in  the  vertical  plane. 

Vertical  positioning  servosystems,  robot 
arms,  and  drafting-table  arms  work  better 
when  the  energy  needed  for  a  required 
movement  is  the  same  for  both  upward 
and  downward  motion.  Generally,  it  is 
desirable  that  these  systems  or  arms  re- 
main stationary  when  no  motion  is  called 
for.  Conventionally,  these  requirements  are 
achieved  by  means  of  a  counterbalance, 
some  form  of  spring,  or  by  offset-biasing  a 
servoamplifier. 

The  dc  motor  offers  the  potential  of 
lower  weight  and  smaller  size  than  a 
counterbalance,  greater  longevity  than  a 
constant-force  spring,  and  servoamplifiers 
that  are  enabled  to  have  symmetrical  per- 
formance in  both  directions.  Furthermore, 
the  system  is  easily  adjusted  to  accom- 
modate changes  in  the  weight  of  the  load. 

For  example,  in  the  lead-screw  and  ball- 
nut  positioning  system  shown  in  Figure  1, 
the  gravitational  force  acting  on  the  load 
tends  to  cause  the  lead  screw  to  rotate  — 
the  weight  of  the  load  applies  torque  to  the 
lead  screw.  A  supplementary  dc  motor  is 
geared  to  the  lead  screw  and  powered  so 
that  a  countertorque  is  applied.  When  this 
torque  is  set  equal  in  magnitude  but  op- 
posite in  direction  to  that  induced  by  the 
load,  the  effect  of  the  load  is  cancelled. 
This  holds  true  for  both  static  and  a  wide 
range  of  dynamic  conditions. 

This  occurs  because  dc  servomotors  in 
general  are  so  designed  that  with  a  con- 
stant armature  current  they  generate  an 
almost  constant  torque  over  wide  speeds 
and  load  range,  and  the  power  supply  [see 
Figure  2(a)]  for  the  supplementary  dc  ser- 
vomotor is  of  the  type  that  supplies  a  con- 
stant current.  The  output  level  of  the  supply 
is  adjustable;  therefore,  adjusting  this  cur- 
rent sets  the  countertorque. 

To  enable  the  use  of  the  smallest  motor 
and  most  economical  power  supply,  the 
gearing  is  chosen  to  give  a  large  reduction 
ratio,  but  there  are  limitations.  Assuming 
adequate  torque  is  provided,  the  reduc- 
tion-ratio limit  is  determined  by  the  ability  of 
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Figure  2.  A  Supplementary  dc  Motor  and  a  Method  of  Counterbalancing  are  shown.  Part  (a) 
shows  a  2-A  constant-current  power  supply  for  a  dc  motor.  A  modification  to  this  circuit  (b) 
enables  counterbalancing  a  vertically  pivoting  arm.  The  sine-potentiometer  wiper  is  me- 
chanically coupled  to  the  arm  and  therefore  positioned  by  it. 

the  supplementary  motor  to  accelerate  it- 
self and  its  gears  at  a  high  enough  rate  so 
that  the  positioning  system  motor  has  no 
tendency  to  drive  the  supplementary  one. 

In  a  lead-screw-positioning-system  ap- 
plication, a  1  in.  ~3  (16  cm  ~3)  sized  motor, 
with  a  gear  reduction  of  5:1  and  using  the 
power  supply  shown,  was  employed  to 
counterbalance  different  loads  of  up  to  ap- 
proximately 8  lb  (36  N). 

This  method  of  counterbalancing  can 
also  be  applied  to  a  vertically  pivoting  arm. 
The  only  changes  required  are  the  addition 
of  a  center-tapped  "sine  potentiometer"  to 
the  constant-current  supply  and  mechani- 
cally coupling  the  potentiometer  wiper  to 
the  arm  [see  Figure  2(b)]. 


Figure  1.  A  Lead-Screw  Positioning  System 
has  a  load  counterbalanced  by  a  small  sup- 
plementary motor  powered  by  a  constant- 
current  source. 
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With  the  arm  horizontal,  the  supplemen- 
tary motor  torque  is  initially  adjusted  for 
counterbalance.  Then,  as  the  arm  is  driven 
by  the  positioning  system,  the  small  dc 
motor  current  varies  as  the  sine  of  the  arm 
angle,  the  current  ranging  from  a  maxi- 
mum when  the  arm  is  horizontal  to  zero 
when  vertical.  For  a  situation  in  which  the 
arm  is  required  to  rotate  through  360°,  a 
second  potentiometer  would  be  ganged  to 
the  first  but  staggered  by  180°.  An  alter- 
native to  sine  potentiometers  could  be  a 
digital  encoder,  microprocessor,  and  D/A 
package.  (It  should  be  noted  that  counter- 
balancing ceases  the  moment  that  current 
to  the  supplementary  motor  is  cut  off.) 

This  work  was  done  by  Richard  Hollow 
of  Ames  Research  Center. 


Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center.  Refer  to  ARC-11525/TN 


Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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NIST   Technology   Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Elevators  For  the  Handicapped  During  A  Fire 


Evacuating  the  handicapped  during  a  fire  has  long  been  a  concern  to 
the  fire  protection  community.     Elevators  would  be  an  ideal  solution, 
except  for  a  number  of  fire-related  problems  inlcuding  the  "piston 
effect,"  which  potentially  can  pull  smoke  and  toxic  gases  into  an 
elevator  lobby  as  the  elevator  car  moves  upward.     In  a  joint  project, 
researchers  at  NIST  and  the  National  Research  Council  of  Canada 
(NRCC)  are  developing  smoke  control  technology  for  elevators  and, 
most  recently,  analyzed  the  problem  of  piston  effect.     Several 
concepts  for  smoke  control  currently  are  being  tested  at  NRCC's 
full-scale  research  tower.     As  part  of  the  project,  NIST  and  NRCC 
jointly  will  develop  practical  engineering  design  information  for 
elevator  smoke  control. 


FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Dr.  Bernard  Levin,  Polymers  Building,  Room  A267,  National 
Institute  of  Standards  &  Technology,   Gaithersburg,  MD  20899;   (301) 
975-6891. 
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Prestressed  Concrete  Fender  Piles  Now  Available 


Developmental  testing  and 
analysis  performed  at  the  Naval 
Civil  Engineering  Laboratory, 
Port  Hueneme,  California,  and  in 
the  field  show  that  prestressed 
concrete  piles  are  a  promising 
fender  alternative  for  retrofit 
and  new  construction  where 
moderate  to  heavy  shipload 
applications  are  anticipated. 
Economical  fender  systems  can 
be  designed  using  prestressed 
concrete  fender  piles  that  com- 
bine heavy  hoop  reinforcement, 
prestressing  strands,  and  high 
quality,  high-strength  concrete. 
The  systems  can  provide  greater 
fender  protection  during  a 
berthing  accident  and  severe 
mooring  applications.  Concrete 
piles  absorb  greater  strain- 
energy  at  collapse  than  either 
timber  or  steel  piles. 

During  the  berthing  impact, 
the  pile  remains  essentially 
elastic  and  will  return  to  its 
original  shape  after  unloading, 
providing  adequate  crack  closure. 

Various  designs  may  be  used 
to  incorporate  prestressed 
concrete  piles  into  complete 
fender  systems.  The  more  con- 
ventional balanced  design 
employs  evenly  spaced  18-inch 
square  prestressed  piles,  spaced  8 
feet  on-centers,  with  rubber 
fender,  wale,  and  chock  supports, 
to  be  used  with  various  camel 
systems.  (See  drawing.)  A  five- 
pile  cluster  design  using  24-inch 
square  prestressed  piles  spaced  3 
feet  on-centers  is  used  with  foam 
filled  fenders.  P'our  24-inch 
square  prestressed  piles  spaced  4 


feet  on-centers,  with  concrete 
bearing  panels,  can  also  be  used 
with  foam-  filled  fenders. 

Rub  strips  would  not  be 
required  for  most  applications. 
However,  the  piles  are  designed 
to  accommodate  them  where 
needed.  Provisions  are  made  for 
bolt  and  sleeve  connections  that 
can  be  used  to  attach 
recommended  ultra  high 
molecular  weight  rub  strips.  All 
these  concepts  are  cost  effective. 


Conventional,  prestressed  concrete  fender  piles 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130604/TN 
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Modeling  for  a  Mobile  Sentry  Robot 


ROBART  II  is  a  battery  powered  autonomous  sentry  robot  being  used  by 
the  Naval  Ocean  Systems  Center  (NOSC)  in  San  Diego  as  a  testbed  in 
the  research  areas  of  environmental  modeling  and  intelligent  security 
assessment.     An  onboard  architecture  of  nine  distributed  microprocessors 
makes  possible  advanced  control  strategies  and  real-time  data  acquisition 
capability.     High  level  tasks  (map  generation,  path  planning,  position 
estimation,  obstacle  avoidance,  and  statistical  security  assessment)  are 
addressed  by  a  Planner  (currently  a  remote  IBM-PC/AT).     Numerous 
sensors  are  incorporated  into  the  system  to  yield  appropriate  information 
for  use  in  position  estimation,  collision  avoidance,  navigational  planning, 
and  assessing  terrain  traversibility. 

The  robot  is  also  equipped  with  a  multitude  of  sensors  for  environmental 
awareness  in  support  of  its  role  as  an  intelligent  sentry.     Special  sensors 
monitor  both  system  and  room  temperature,  relative  humidity,  barometric 
pressure,  ambient  light  and  noise  levels,  toxic  gas,  smoke,  and  fire. 
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Figure  8.     Over  126  external  sensors  are  employed  on  ROBART  II  to  obtain  information 
describing  the  immediate  environment. 
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Intrusion  detection  is  addressed  through  the  use  of  five  passive  true- 
infrared  body  heat  detectors,  four  passive  optical  motion  detectors, 
ultrasonic  motion  detectors,  vibration  monitoring,  and  discriminatory 
hearing. 

Two  separate  drive  motors  provide  for  differential  steering,  allowing  the 
robot  to  turn  in  place  in  order  to  maneuver  in  congested  indoor  environ- 
ments.    The  unit  is  housed  in  a  rugged  plastic  and  fiberglass  body,  measuring 
17  inches  wide  and  23  inches  long  at  the  base,  and  extending  to  a  height 
of  50  inches.     Approximately  256  internal  circuitry  checkpoints  constantly 
monitor  circuit  performance,  system  configuration,  operator  controlled 
switch  options,  cable  connections,  and  interface  card  integrity,  etc.,  with 
speech  output  generated  by  the  self  diagnostics  to  advise  of  any  difficulties. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further,  contact 
H.R.  Everett,  Naval  Ocean  System  Center,  Code  5302,  San  Diego,  CA 
92152-5000;  (619)  553-9888. 


I 


Technology  Application 


Sandia  National  Laboratory 


New  Gas  Flow  Calibration  System  is  Faster  and  More 
Accurate 


A  new  gas  How  calibration  system  that  is  faster  and 
more  accurate  than  systems  now  used  for  calibrating 
laboratory  research  equipment  has  been  developed  at 
Sandia  National  Laboratories.  The  precision  instru- 
ment, called  a  stepped  linear  piston  displacement 
(SLIPD)  system,  can  be  used  to  measure  the  How  (leak 
rate)  of  any  noncorrosive  gas. 

Developer  Steven  M.  Thornberg  says  the  new  system 
is  accurate  to  within  plus  or  minus  1.2  percent,  which 
compares  to  typical  uncertainties  of  about  plus  or  minus 
50  percent  for  existing  commercial  leak  detectors.  These 
accuracies  are  typical  for  leaks  ranging  from  about  10" 
to  10""'  mole/second. 

The  Sandia  metrology  specialist  says  the  SLIPD 
system  is  up  to  10  times  faster  (depending  on  the  actual 
leak  rate)  than  a  custom  system  that  has  operated  in 
Sandia's  Primary  Standards  Laboratory  for  about  the 
past  5  years.  Although  the  new  SLIPD  system  is  only  a 
working  prototype,  it  could  eventually  replace  the  exist- 
ing system. 

May  have  commercial  potential 

Thornberg  believes  the  new  system  has  commercial 
potential.  It  was  designed  as  a  manufacturable  package 
that  can  provide  automated  calibration  at  a  reasonable 
cost.  Custom  systems  with  comparable  accuracies  can  be 
fabricated,  but  Thornberg  says  associated  design,  fabri- 
cation, and  testing  costs  are  usually  high  and  that  sub- 
stantial savings  would  be  possible  if  a  commercial  variety 
of  the  SLIPD  device  were  available. 

Prospective  users  include  companies  that  service  or 
manufacture  gas  leak  detectors,  gas  calibration  instru- 
ments, high  vacuum  equipment,  refrigeration  equip- 
ment, nucleonics  devices,  and  ion  implantation  systems. 
These  companies  span  industries  from  toxic  and  flam- 
mable gas  detection  to  the  manufacture  of  semiconduc- 
tors. 

Private  and  government  laboratories  involved  with 
research  and  calibration  are  also  potential  users.  Such 
labs  often  require  calibration  of  mass  spectrometers, 
residual  gas  analyzers,  and  leak  detectors  using  calibra- 
tion leaks. 

The  new  device  is  a  fundamental  (based  on  natural 
physical  laws)  three-part  system  consisting  of  the  mani- 
fold, piston/cylinder  assembly,  and  supporting  electron- 
ics and  computer  that  controls  the  calibration.  The 
piston/cylinder  assembly  is  the  "heart"  of  the  system;  the 
piston  is  moved  with  a  stepper  motor  controlled  by  the 
computer. 


All  automatic  after  setup 

Computer  control  begins  after  the  initial  gas  pres- 
sure setup  is  done  manually.  The  setup  is  done  by 
intentionally  leaking  a  small  amount  of  gas  to  fill  a 
partially  evacuated  volume  to  a  set  pressure.  It's  all 
automatic  after  that.  When  the  set  pressure  is  reached,  a 
timer  is  started,  and  a  piston  is  retracted  to  increase  the 
initial  volume.  As  the  gas  continues  to  (low,  it  fills  the 
new,  larger  volume,  the  set  pressure  is  reached  again,  and 
the  timer  is  stopped. 

By  measuring  the  set  pressure,  temperature  of  the 
gas.  the  volume  increment,  and  the  time  required  for  the 
leak  to  fill  the  volume  increment,  the  leak  rate  is  calcu- 
lated by  computer  using  the  ideal  gas  law  (PV  =  nRT. 
where  P  is  pressure,  V  is  the  volume  per  mole  of  gas.  R  is 
the  ideal  gas  constant,  T  is  the  temperature,  and  n  is  the 
number  of  moles).  The  process  is  repealed  many  times 
under  computer  control,  the  results  are  statistically  ana- 
lyzed to  determine  the  leak  rate,  and  the  information  is 
then  printed  out. 

Has  other  potential  uses 

Thornberg  says  the  SLIPD  system  has  potential  uses 
other  than  leak  calibration.  It  can  he  used  for  precision 
volume  calibration  where  small  volumes  (less  than  10  cc) 
are  involved.  Also,  if  an  orifice  or  variable  valve  is 
substituted  for  the  leak  on  the  piston/cylinder  assembly, 
a  calibrated  How  can  be  generated  by  maintaining  con- 
stant back  pressure  on  the  How-restricting  element.  This 
could  eventually  be  useful  for  doping  semiconductors 
with  extremely  small,  but  precise  amounts  of  dopants. 

The  new  device  is  not  patented,  and  design  details 
are  available  to  U.S.  firms  that  may  be  interested  in 
manufacturing  and  marketing  the  device.  Sandia  does 
not  manufacture  or  market  products.  Interested  firms 
may  contact  Thornberg  at  the  Measurement  Standards 
Laboratory  Division  ;  telephone  505-846-2727. 

FOR  ADDITIONAL  INFORMATION 
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Department  of  Energy, 
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Refer  to  announcement  23,  No.  4 


loo 


Technology  Application 


Residential  and  Commercial  Buildings  Data  Book 

The  possession  of  current  and  reliable  information  on  building  character- 
istics and  energy  consumption  patterns  is  a  fundamental  prerequisite  for 
effective  R&D  and  program  planning.     A  new  data  book  is  intended  to 
complement  other  information  sources  by  compiling  the  most  current 
data  on  the  existing  stock  of  residential  and  commercial  buildings  and 
their  energy  consumption  characteristics.     Most  of  this  data  is  provided 
in  tabular  form  with  accompanying  figures  used  to  highlight  key  points. 
The  book  also  provides  information  on  forecasts  and  historical  trends 
for  the  residential  and  commercial  sectors.     The  information  contained 
herein  was  drawn  from  diverse  sources  and  was  compiled  into  a  single 
volume  in  order  to  provide  easy  access. 

The  publication  can  be  divided  into  three  basic  subject  areas:  residential 
buildings,  commercial  buildings,  and  energy  consumption  forecasts.  These 
subject  areas  are  covered  in  the  following  chapters: 

Residential  Buildings 

Chapter  2  Characteristics  of  Residential  Building  Stock 

Characteristics  of  New  Single  Family  Construction 
Characteristics  of  New  Multi-Family  Construction 
Household  Appliances 
Residential  Sector  Energy  Consumption  and  Prices 


Chapter  3 

Chapter  4 

Chapter  5 

Chapter  6 

Commercial  Buildings 

Chapter  7  Characteristics  of  U.S.  Commercial  Building 

Stock 

Chapter  8  Commercial  Buildings  Sector  Energy  Consumption, 

Prices,  and  Expenditures 

FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact: 
George  R.  Amols,  U.S.  DOE,  Battelle,  Pacific  Northwest  Laboratories,  2030 
M  Street  NW,  Washington,  DC  20036;  (202)  785-8400.  A  copy  of  this  report 
is  available  from  NTIS,  Springfield,  VA  22161,  (703)  487-4600. 

NTIS  order  number:     DE88-006440/NAC 

Price  code:     A10 
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Sonic  Simulation  of  Near  Projectile  Hits 

Measured  frequencies  would  identify  projectiles  and  indicate  miss  distances. 


A  developmental  battlefield-simulation 
system  for  the  training  of  soldiers  would 
use  the  sounds  emitted  by  incoming  pro- 
jectiles to  identify  the  projectiles  and  in- 
dicate the  miss  distances.  Depending  on 
the  projectile  type  and  the  closeness  of 
each  hit,  the  system  would  generate  a 
"kill"  or  "near-kill"  indication.  With  modifi- 
cations, the  system  concept  may  be  appli- 
cable to  collision-warning  or  collision- 
avoidance  systems. 

An  artillery  shell  is  simulated  by  a 
lightweight  plastic  projectile  launched  by 
compressed  air.  The  flow  of  air  through  a 
groove  in  the  nose  of  the  projectile  gener- 
ates an  acoustic  tone.  Each  participant  in 
the  training  exercise  carries  an  audio  re- 
ceiver that  measures  and  processes  the 
tone  signal.  When  fully  developed,  the  sys- 


tem would  perform  fast  Fourier  transforms 
of  the  received  tone  to  obtain  the  dominant 
frequency  during  each  succeeding  interval 
of  approximately  40  ms  (an  interval  deter- 
mined from  practical  signal-processing  re- 
quirements). 

From  the  frequency-versus-time  infor- 
mation, the  system  would  extract  the  rest 
frequency  (the  tone  frequency  in  the  frame 
of  reference  of  the  projectile);  because  a 
different  frequency  is  assigned  to  each 
type  of  weapon,  this  frequency  would  be 
used  to  identify  the  projectile.  The  fre- 
quency-versus-time information  would 
also  be  processed  to  obtain  the  miss  dis- 
tance by  the  use  of  the  known  dependence 
of  the  Doppler-shifted  rest  frequency  of  the 
received  signal  on  the  time,  the  miss  dis- 
tance, and  the  speed  of  the  projectile  (see 


figure). 

An  algorithm  has  been  developed  to  ob- 
tain the  desired  information  by  electronic 
"template  matching":  the  system  tries  to 
match  the  actual  frequency-versus-time 
data  to  one  after  another  of  the  sets  of 
relative-frequency-versus-time  data  stored 
in  memory  for  each  of  many  combinations 
of  the  miss  distance  and  the  number  of 
sampling  intervals.  The  rest  frequency  is 
computed  as  a  weighted  sum  of  the  meas- 
ured frequencies  with  a  weighting  function 
calculated  from  the  selected  relative- 
frequency-versus-time  set. 

This  work  was  done  by  J.  I.  Statman  and 
E.  R.  Rodemich  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-16943/TN 
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The  Frequency  of  the  Tone  measured  by  the  receiver  undergoes  a  Doppler  shift  that  varies  with  time  as  a  projectile  emitting  the  tone  passes 
near  the  observer.  To  compute  the  curves  shown  here,  the  projectile  was  taken  to  be  traveling  on  a  slanted  straight  line  at  constant  speed. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Adaptive  Control  for  Space-Station  Joints 

Input  gain  weighting  is  added  to  an  existing 
adaptive-control  algorithm. 

A  report  discusses  a  concept  for  the  adaptive  control  of  rotations 
of  various  appended  structures  about  joints  on  a  space  station,  with 
suppression  of  vibrations  in  both  the  station  and  the  appendages. 
The  adaptive-control  concept  may  be  relevant  to  such  terrestrial 
applications  as  the  control  of  aircraft,  the  suppression  of  vibrations 
in  large  buildings,  and  robotics. 

The  control  strategy  is  to  apply,  to  the  rotation  actuators,  the  set 
of  control  signals  that  will  cause  all  moving  parts  to  follow  the  com- 
manded trajectories  as  closely  as  possible.  The  previous  version 
of  the  adaptive  control  loop  includes  an  adaptive  gain  matrix  that 
contains  proportional  and  integral  components,  each  of  which  in- 
cludes an  output-weighting  matrix  chosen  by  the  designer.  In  the 
present  version,  input  gain-weighting  matrices  are  added  to  in- 
crease control  efforts  in  specified  locations  at  the  designer's 
discretion. 

An  inner  control  loop  is  also  introduced  to  suppress  the  in- 
stabilities that  would  otherwise  arise  from  the  zero-frequency  rigid- 
body  modes.  By  an  appropriate  choice  of  the  inner-loop  gain 
matrix,  the  rigid-body  modes  can  be  given  nonzero  frequencies 
and  stabilized.  Accurate  knowledge  of  the  system  dynamics  is  not 
necessary  for  the  design  of  the  inner  loop;  the  inner  loop  can  be 
made  robust  by  placing  it  only  where  the  controllability  of  the  rigid- 
body  modes  is  the  highest. 

A  computer  simulation  to  test  the  new  concept  involved  the  use 
of  an  adaptive  control  algorithm  in  a  space  station  having  19 
degrees  of  freedom:  namely,  12  vibrational  and  7  rigid-body- 
rotational  modes.  The  performance  was  analyzed  in  terms  of  the 
responses  to  various  position  and  rate  commands.  In  comparison 
with  an  algorithm  without  input  weighting,  the  new  algorithm  show- 
ed improved  performance  with  reduced  control  demand.  The  parts 
followed  the  commanded  trajectories  almost  perfectly,  and 
vibrations  were  suppressed  in  spite  of  the  uncertainties  in  the 
mathematical  model  of  the  station  and  of  the  low  order  of  the 
reference  model  in  the  control  loop. 

This  work  was  done  by  Che-Hang  Charles  Ih, 
DavidS.  Bayard,  and  Shyh  Jong  Wang  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory.  "Space  Station  Adaptive  Payload 
Articulation  Control,"  NPO-17063/TN 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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NAVAL  CIVIL  ENGINEERING  LABORATORY 
PORT  HUENEME,  CALIFORNIA  93043 


Continuous  Beam  Computer  Program 


A  library  of  computer  programs  has  been  developed  by  NCEL  to  indi- 
vidually analyze  six  common  structural  and  civil  engineering  problems. 
These  computer  programs,  called  Structural  Analysis  Code  Kit  ("SACK"), 
augment  the  NAVFAC  library  of  GEMS  micro-computer  programs  by 
focusing  on  the  field  engineer's  requirements  to  check  analysis  and  design 
work  performed  by  contract.     By  using  the  described  methods,  Public 
Works  and  Engineering  Field  Division  engineers  can  rapidly  evaluate 
probably  80%  of  the  structural  designs  encountered  in  typical  Navy 
facilities. 

This  continuous  beam  program  analyzes  continuous  beams  of  prismatic 
bars  that  take  shear  forces  and  moments.     It  can  presently  handle 
continuous  beams  of  up  to   100  members.     Any  joint  can  be  given  vertical 
and  angular  displacements.     Also  the  beam  may  be  on  elastic  supports, 
vertical  as  well  as  angular.     Hinges  can  be  accounted  for  by  placing  a 
short,   flimsy  member  at  the  desired  hinge  location. 


Ym 


Vector    representing 
a    force 


Member 


AM1 


Vector    representing 
a    rotation 
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y- 


-Xm 


AM3 


AM4 


Typical  axes  orientation  for  a 
continuous  beam  member;  positive  direc- 
tion shown. 
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Specifically,  this  computer  program: 

°     Is  free  from  proprietary  limitations 

°     Is  smaller  in  scope  than  large  commercial  programs 

°     Is  very  simple  to  understand  and  use 

°     Runs  on  an  IBM-PC,  XT,  or  AT  or  IBM  compatible 

°     Is  stored  on  a  360K  floppy  diskette 

°     Can  be  automatically  booted  from  the  floppy  diskette 

or  installed  on  a  hard  disk 
°     Will  not  become  obsolete  when  new  building  codes  are 

developed 
°     Comes  with  user  manual  and  instructions 
°     Can  be  taught  in  a  one-day  session;  arrangements  can  be 

made  through  the  NCEL  contact 

This  program  has  been  extensively  tested  at  the  Naval  Construction 
Battalion  Center,  Port  Hueneme,  and  the  Pacific  Missile  Test  Center, 
Point   Mugu,   where  it  has  proven  reliable  in  solving  typical  structural 
problems. 

FOR  ADDITIONAL  INFORMATION:     contact  Jerry  Dummer,  Code  L03C, 
Facilities  Engineering  Support  Office;  (805)  982-4070.     Refer  to  88-05. 
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Inverse  Design  of  Simple,  Unbranched  Ducts 


This  program  calculates  the 
shape  of  the  duct  to  obtain  a 
desired  flow  field. 

A  computer  program,  DIN3D1,  was  de- 
veloped for  the  inverse  design  of  simple, 
unbranched  ducts.  The  inputs  from  the 
user  to  the  computer  program  are  the  ve- 
locity distributions  for  all  the  surfaces  that 
make  up  a  duct.  These  include  the  up- 
stream and  downstream  velocity  fields  and 
the  velocities  along  the  streamlines  that 
form  the  lateral  boundaries  of  the  duct.  The 
output  of  the  program  contains  the  duct 
geometry  and  the  complete  flow  field 
through  the  duct. 


The  program  is  based  on  the  assump- 
tion of  three-dimensional,  steady,  com- 
pressible, subsonic  flow.  The  program  im- 
plements a  finite-difference  solution  of  the 
governing  equations  for  the  flow-field  ve- 
locities in  a  transformed  space  that  has  co- 
ordinates based  on  the  velocity  potential 
and  two  stream  functions. 

The  program  lets  the  user  develop  duct 
shapes  with  a  predetermined  velocity  flow 
field.  Thus,  such  undesirable  flow  condi- 
tions as  boundary-layer  separation,  super- 
sonic flow,  choked  flow,  and  shocks  can  be 
avoided.  By  the  use  of  this  program,  it  will 
be  possible  to  produce  high-performance 
duct  designs  with  less  effort  than  that  re- 


quired in  the  use  of  conventional  tech- 
niques of  analysis  of  the  flows  in  ducts. 

DIN3D1  is  written  in  FORTRAN  IV  for 
use  in  IBM  370  systems. 

This  program  was  written  by  J.  D. 
Stanitz  of  Lewis  Research  Center. 
LEW-14420/TN 
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Measuring  Flow  With  Laser-Speckle  Velocimetry 

Spatial  resolution  is  sufficient  for  calculation  of  vorticity. 


Laser-speckle  interference  can  be  used 
in  flow  experiments  to  visualize  two-dimen- 
sional streamline  patterns  and  to  quantify 
the  associated  velocity  fields.  The  main  ad- 
vantage of  laser-speckle  velocimetry  is 
that  a  velocity  field  can  be  measured  with 
sufficient  accuracy  and  resolution  to  ena- 
ble the  computation  of  the  vorticity  field. 
This  technique  is  suited  for  the  study  of  vor- 
tical flows  like  those  about  helicopter  rotor 
blades  or  airplane  wings  at  high  angles  of 
attack. 

In  laser-speckle  velocimetry,  a  pulsed  or 
chopped  laser  beam  is  expanded  in  one  di- 
mension by  a  cylindrical  lens  to  illuminate  a 
thin,  fan-shaped  region  of  the  flow  to  be 
measured.  The  flow  is  seeded  by  small  par- 
ticles. A  lens  with  an  optical  axis  perpen- 
dicular to  the  illuminating  beam  forms  an 
image  of  the  illuminated  particles  on  a  pho- 
tographic plate  (see  figure).  If  the  seed  par- 
ticles are  distributed  densely  enough,  the 
image  is  a  random  speckle  pattern  caused 
by  the  interference  of  light  reflected  from 
the  seed  particles. 

In  effect,  the  speckles  form  a  random 
grid  embedded  in  the  image  of  the  illumi- 
nated region.  If  the  laser  is  pulsed  more 
than  once,  and  if  the  motion  of  the  fluid  be- 
tween pulses  is  large  enough  to  cause  a 
shift  of  at  least  one  average  speckle  diam- 
eter but  not  large  enough  to  destroy  the 
coherence  between  the  speckle  patterns 
at  the  different  pulse  times,  then  the  re- 
sulting multiple-exposure  speckle  photo- 
graph (specklegram)  contains  laterally 
shifted  versions  of  nearly-identical  speckle 
patterns.  Because  the  magnitude  and  di- 
rection of  the  local  shift  between  the  two 
patterns  is  determined  by  the  velocity  in 
the  illuminated  plane  and  the  known  inter- 
val between  exposures,  the  specklegram 
can  be  analyzed  (at  least  in  principle)  to 
extract  the  velocity  field. 

A  combination  of  optical  and  electronic 
image-processing  techniques  can  be  used 
to  analyze  a  specklegram.  In  one  method, 
the  specklegram  is  illuminated  by  a  laser 
beam  at  a  designated  point  in  the  flow  field. 
Because  the  specklegram  is  essentially  a 
complicated  diffraction  grating,  it  pro- 
duces interference  fringes,  the  orienta- 


Photographlc 
Plane 

The  Speckle  Pattern  of  a  Laser-Illuminated,  Seeded  Flow  is  recorded  in  multiple-exposure 
photographs  and  processed  to  extract  data  on  the  velocity  field. 


tions  and  distances  between  which  indi- 
cate the  local  velocity.  The  fringe  pattern  is 
digitized  and  processed  digitally  by  a 
Fourier  and/or  autocorrelation  algorithm 
to  extract  the  velocity  information. 

In  another  method  (which  is  not  specifi- 
cally a  speckle  method),  a  low  seeding 
density  is  used,  and  the  analysis  is  directed 
toward  the  measurement  of  displace- 
ments between  subsequent  images  of  in- 
dividual particles.  This  requires  digital 
image  processing  to  obtain  the  two-dimen- 
sional autocorrelation  of  the  image  field 
within  each  interrogation  spot  to  obtain  the 
velocity  in  that  spot.  In  yet  another  method, 
the  specklegram  is  viewed  through  a  spa- 
tial filter  to  obtain  isovelocity  contours  of 
the  entire  flow  field. 

Laser-speckle  velocimetry  is  limited  in 
part  by  the  unavoidably  finite  thickness  of 
the  illumination  fan  and  the  presence  of 
velocity  components  perpendicular  to  the 
plane  of  the  fan.  Measurable  speeds  are 
limited  by  the  finite  durations,  intensities, 
and  repetition  rates  of  laser  pulses.  The  ul- 
timate objective  of  development  efforts  is  a 
technique  to  measure  three-dimensional, 
unsteady,  vortical  flows  in  wind  tunnels  at 


high  Reynolds  numbers. 

This  work  was  done  by  C.  A.  Smith  of 
Ames  Research  Center  and  L  M.  M. 

Lourenco  and  A.  Krothapalli  of  Florida 
State  University.  Further  information  may 
be  found  in  AIAA-86-0768-CP,  "The  Devel- 
opment of  Laser  Speckle  Velocimetry  for 
the  Measurement  of  Vortical  Flow  Fields. " 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street, 
New  York,  New  York  10019,  Telephone 
No.  (212)  247-6500. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11766/TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-4044 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Measuring  Liquid  Drops  in  Gas  Flow 

A  photographic  method  reveals  size  distributions  and  flow  rates. 


A  nonintrusive  optical  technique  ena- 
bles the  measurement  of  drops  of  water  in- 
gested through  an  aircraft-engine  nacelle. 
The  use  of  the  technique  yields  drop  sizes, 
the  spatial  distribution  of  drops  at  the 
nacelle  inlet,  and  the  instantaneous  rate  of 
mass  flow  of  liquid  water  into  the  nacelle. 
The  technique  is  used  in  research  on  the 
ingestion  of  water  from  heavy  rain  or  wheel 
spray,  but  can  be  adapted  to  any  droplet- 
laden  gas  stream. 

The  drops  are  photographed  by  the  light 
of  a  laser  beam  directed  across  the  nacelle 
inlet  (see  figure).  The  beam  is  shaped  by  a 
beam  expander  and  slit  into  a  sheet  9  mm 
thick.  The  exposure  time  is  only  10  ns  — 
the  length  of  a  laser  pulse,  and  the  drop 
motion  is  therefore  frozen  in  each  of  the 
series  of  photographs.  Fluorescent  dye 
added  to  the  water  improves  the  edge  defi- 
nition of  the  photographic  images  of  the 
drops;  the  scattered  laser  light  and  its  inter- 
ference effects  can  be  filtered  out  and  only 
light  at  the  fluorescence  wavelength 
photographed. 

An  automated  digital  image-processing 
system  analyzes  the  photographs.  The  im- 
age processor  is  a  commercial  unit  em- 
ploying a  vidicon,  random-access  memory, 
digital  video  processor,  and  color  video 
display.  It  is  used  in  combination  with 
specially  developed  software  in  a  host 
computer.  The  image-processing  algo- 
rithm detects  drop  edges,  defines  the  drop 
boundaries,  calculates  the  areas  of  the 
drop  images,  computes  the  drop  diame- 
ters from  the  areas,  constructs  drop-size 
distributions,  and  determines  the  total 
water  content  of  the  illuminated  sheet. 

Double-pulse  photography  is  used  to  de- 
termine the  velocities  of  droplets  for  use  in 
calculating  the  instantaneous  mass  flow 
rate  of  the  airborne  liquid  water;  the  drop 
flow  is  illuminated  by  two  pulses  of  a  laser, 
50  to  200  ijs  apart.  Thus,  two  images  of 
each  drop  appear  in  the  photograph,  and 
the  drop  velocity  is  calculated  from  the  dis- 
tance the  drops  have  moved  in  the  known 
interval  between  the  pulses.  The  product  of 
the  calculated  liquid-water  content  per  unit 
flow-path  length  over  the  front  of  the  na- 
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A  Thin  Cross  Section  of  the  air-and-waterdrop  flow  close  to  the  nacelle  inlet  plane  is  illumi- 
nated by  a  sheet  of  light  from  a  pulsed  laser.  A  camera  photographs  the  waterdrops  in  the 
light  sheet. 


celle  area  and  the  drop  velocity  gives  the 
instantaneous  rate  of  ingestion  of  liquid 
water. 

The  optical  and  image-analysis  systems 
were  tried  in  a  water-ingestion  simulator  in 
an  open-circuit  wind  tunnel,  and  its  results 
were  compared  with  the  known  time-aver- 
aged rate  of  flow  of  water.  The  optically-de- 
termined flow  rate  turned  out  to  be  about 
10  percent  higher  than  the  actual  rate. 

This  work  was  done  by  Pradip  G.  Parikh, 
Miguel  A.  Hernan,  Virendra  Sarohia,  and 
Andre  H.  Yavrouian  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
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Measuring  Vibrations  With  Nonvibration  Sensors 

Normally  undesired  responses  are  exploited  to  obtain  less  intrusive  or  nonintrusive  measurements. 


Information  about  the  vibrations  of  a 
structure  and/or  of  a  nonvibration  sensor 
attached  to  the  structure  can  be  extracted 
from  the  output  of  the  sensor.  For  example, 
the  output  of  a  pressure  or  temperature 
sensor  can  be  analyzed  to  obtain  vibration- 
al frequencies  and  approximate  relative 
amplitudes.  This  type  of  analysis  is  useful 
where  limited  vibrational  data  are  required 
but  the  part  to  be  measured  is  inaccessible 
or  would  be  perturbed  excessively  by  ac- 
celerometers,  strain  gauges,  or  other  con- 
ventional vibration  sensors. 

The  vibrational  data  are  obtained  from 
those  components  of  the  sensor  output 
signal  that  arise  from  the  usually  small  and 


normally  undesired  response  of  the  sensor 
to  vibrations.  The  sensor  is  operated  in  the 
usual  way  except  that,  in  addition,  its  out- 
put is  fed  to  a  power-spectral-density  an- 
alyzer (see  figure).  The  vibrational  com- 
ponents are  usually  easily  distinguishable 
in  the  analyzer  output  because  they  usually 
have  frequencies  much  higher  than  those 
of  the  more-slowly-varying  temperature, 
pressure,  or  other  normally  desired  com- 
ponents. 

The  spectral-analysis  technique  was  ap- 
plied successfully  to  high-frequency  resist- 
ance changes  in  the  output  of  a  platinum- 
wire  resistance  thermometer:  vibrational 
peaks  in  the  resistance  frequency  spec- 


trum were  confirmed  by  the  spectrum 
from  an  accelerometer.  The  technique 
also  showed  a  predicted  1 7-kHz  vibrational 
resonance  in  a  strain-gauge-supporting 
beam  in  a  pressure  sensor. 

This  work  was  done  by  Arthur  J.  Hill  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
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Vibrational  Data  Are  Extracted  from  the  output  of  a  nonvibration  sensor.  The  normal  operation  of  the  sensor  is  not  disturbed  by  the  addition 
of  a  signal  processor. 
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Miniature  Remote  Deadweight  Calibrator 

A  microcomputer  controls  the  calibration  of  a  force  transducer  in  a  cryogenic  chamber. 


A  miniature,  computer-controlled  dead- 
weight calibrator  was  developed  to  cali- 
brate remotely  a  force  transducer  located 
in  a  cryogenic  chamber.  When  used  with  a 
microcomputer,  the  calibration  system  will 
automatically  apply  the  deadweight  loads 
to  a  skin-friction  balance,  record  and 
reduce  the  data,  and  print  out  the  results. 

The  system  (see  figure)  includes  a  spe- 
cially designed  set  of  five  interlocking 
200-mg  weights,  a  motorized  weight-lifting 
platform,  and  a  controller  box  that  takes 
commands  from  a  microcomputer  on  an 
IEEE  interface.  The  computer  is  also  used 
to  record  and  reduce  the  calibration  data 
and  to  control  such  other  calibration 
parameters  as  the  number  of  readings  per 
data  point  and  the  number  of  calibration 
cycles.  The  lifting  platform  is  a  flat  surface 
mounted  on  the  vertically  moving  shaft  of  a 
commercial  digital  linear  actuator. 

A  commercial  driver  for  the  actuator, 
modified  and  installed  inside  the  system 
control  box,  serves  as  the  interface  be- 
tween the  controller  and  the  linear  ac- 
tuator. The  actuator  controller,  fabricated 
in-house,  consists  of  a  pulse  counter  with  a 
three-digit  light-emitting-diode  display,  a 
comparator  circuit,  and  several  gates  and 
control  switches. 

The  controller  is  operated  in  a  manual 
mode  during  the  setup  procedure,  in  which 
the  number  of  pulses  required  to  move  the 
platform  to  each  weight-load  position  is 
determined.  This  information  is  used  by  the 


The  Actuator  Controller  and  Interlocklng-Welght  System  are  key  elements  In  the  precise, 
automatic  transducer  calibrator. 


computer  program  to  position  the  platform 
during  the  automatic  calibration.  The  sys- 
tem is  designed  for  a  full-scale  load  of 
1,000  mg.  However,  the  concept  can  be 
extended  to  accommodate  other  full-scale 
load  ranges. 

This  work  was  done  by  Frank  H. 
Supplee,  Jr.,  and  Ping  Tcheng  of  Langley 
Research  Center. 
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Radio-Frequency  Strain  Monitor 

This  device  measures  the  overall  change  in  the  length  of  a  structural  element. 


The  radio-frequency  (RF)  strain  monitor 
was  developed  to  measure  the  lengths  of 
objects.  An  RF  waveguide  or  cable  is  bond- 
ed to  the  structure  to  be  monitored.  The 
propagation  of  an  RF  signal  along  the 
waveguide  results  in  a  phase  shift  propor- 
tional to  the  length  of  the  path  traveled. 

The  RF  signal  (see  Figure  1 )  originates  in 
a  voltage-controlled  oscillator  and  is 
coupled  to  the  waveguide  or  RF  cable.  The 
phase  delay  in  the  path  is  measured  in  a 
signal  mixer,  and  the  phase  signal  is  ex- 
tracted by  a  low-pass  filter.  The  output  of 
the  mixer  is  integrated,  conditioned,  and 
used  in  the  feedback  loop.  The  frequency 
of  the  system  locks  only  to  fixed  points  that 
correspond  to  90°  phase  shift,  such  that 
the  total  phase  delay  around  the  feedback 
loop  is  (2m  +  1/2)n  (where  m  is  a  positive 
integer). 

The  path  length  is  found  by  the  differ- 
ence Af  in  frequency  between  the  lock 
points;  for  example 

where  fm  corresponds  to  the  mth  lock 
point:  hi  =  ell,  where  c  is  the  speed  of 
propagation  and  t  is  the  path  length. 
Changes  in  length  of  the  propagation  path 
are  determined  by  noting  that  Mfr/fm  - 
-LIU  (see  Figure  2).  Unlike  other  strain 


sensors,  this  device  integrates  the  total 
strain  over  the  total  path  length,  which  can 
be  many  meters  or  kilometers. 

Additionally,  impedance  mismatches 
could  be  placed  in  the  RF  cable  at  nodes  of 
the  structure.  Then  the  RF  signal  would  re- 
cord these  mismatches  and  be  able  to  de- 
tect not  only  the  overall  length  of  the  line 
but  also  the  lengths  of  the,  intervals  be- 
tween nodes.  This  capability  could  be  used 
to  detect  changes  in  elements  of  a  large 
structure  with  a  single  cable.  The  RF  strain 
monitor  has  potential  for  many  applica- 
tions, including  monitoring  the  stability  of 
such  large  structures  as  aircraft,  bridges, 
and  buildings  in  Earthquake  zones. 

This  work  was  done  by  Joseph  S. 
Heyman  and  Robert  S.  Rogowski  ot  Lang- 
ley  Research  Center  and  Milford  S. 
Holben,  Jr.,  oiPRC  Kentron,  Inc.  No  further 
documentation  is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center 
Refer  to  LAR-13705/TN 

Langley  Research  Ctr. 

Technology  Utilization 
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Figure  1.  The  Difference  Between  Lock  Fre- 
quencies of  a  voltage-controlled  oscillator 
is  a  measure  of  the  length  of  the  waveguide 
or  cable. 
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Figure  2.  The  Change  in  Frequency  is  well 
correlated  with  the  strain  in  these  measure- 
ments. 
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Thermal  Remote  Anemometer  Device 

A  focused  laser  and  a  thermal  imager  are  combined  for  remote  temperature  measurement. 

The  Thermal  Remote  Anemometer  De- 
vice (THREAD)  was  developed  for  remote, 
noncontacting,  passive  measurement  of 
the  thermal  properties  of  a  sample.  (It  is 
passive  from  the  point  of  view  of  the  sam- 
ple, in  that  the  sample  does  not  have  to  pro- 
vide its  own  thermal  surface  radiation  to  be 
measured.)  The  primary  use  of  the  THREAD 
is  for  the  characterization  of  gas  flow  over 
models  in  wind  tunnels.  Other  applications 
include  measurements  for  materials  char- 
acterization. 

The  components  of  the  THREAD  are 
shown  in  the  figure.  The  thermal  energy  in- 
put is  derived  from  the  laser  operated  in  a 
pulse  mode.  The  laser  beam  propagates  to 
the  laser  scanner,  which  can  scan  the 
beam  in  two  orthogonal  angles,  f,  and  <{»2. 
The  beam  is  focused  to  the  surface  of  the 
sample  in  the  wind  tunnel  by  the  lens  or 
other  focusing  optical  system  through  the 
infrared-transparent  window.  The  beam 
impinges  on  the  model,  mounted  on  the 
wind-tunnel  model  sting.  The  thermal  ener- 
gy imparted  by  the  laser  beam  to  the  model 
surface  is  reradiated  to  the  thermal  imager 
and  analyzed  by  the  image  processor. 

The  infrared  imager  measures  the  radi- 
ation from  the  model  surface  as  a  function 
of  time  over  the  entire  model.  Prior  to 
heating,  the  background  thermal  patterns 
can  be  examined.  Later,  the  background 
thermal  pattern  is  deconvolved  from  the 
pattern  of  the  heat  injected  by  the  laser. 
After  heating,  the  energy  (heat)  loss  to  the 
surrounding  medium  can  be  determined, 
thus  characterizing  the  nature  of  the  gas 
flow  over  the  model.  This  rate  increases  as 
gas  flow  increases  and  becomes  very 
small  if  the  model  is  placed  in  a  vacuum. 
This  rate  can  be  determined  at  various 
sites  on  the  model  to  portray  the  gas  flow 
during  the  test  as  an  image  over  the  model. 

For  materials  applications,  the  system 
can  be  used  for  the  evaluation  of  thin  films 
and  the  determination  of  thermal  diffusivity 
and  adhesive-layer  contact.  For  medical 
applications,  it  can  measure  perfusion 
through  the  skin  to  characterize  blood  flow 
and  can  be  used  to  determine  the  viabilities 


Wind  Tunnel 


In  the  Thermal  Remote  Anemometer  Device,  the  model  is  heated  locally  by  a  scanning  laser 
beam  and  cooled  by  the  wind  in  the  tunnel.  The  thermal  image  of  the  model  is  analyzed  to 
deduce  the  pattern  of  airflow  around  the  model. 


of  grafts  and  to  characterize  tissues. 

The  primary  advantage  of  the  THREAD 
is  that  it  can  achieve  the  heat-transfer 
measurements  remotely  and  without  con- 
tact. The  model  does  not  have  to  be  altered 
with  holes,  wires,  and  tubes.  The  system  is 
fast  and  can  be  multiplexed  with  several 
sources  to  increase  the  speed  of  data  ac- 
quisition. 

This  work  was  done  by  Joseph  S. 
Heyman,  D.  Michele  Heath,  William  P. 
Winfree,  and  William  E.  Miller  of  Langley 
Research  Center  and  Christopher  S. 
Welch  of  the  College  of  William  and  Mary. 
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DOE's  Office  of  Health  and  Environmental 
Research  (DOE-OHER)  is  developing  an  overall 
research  plan  for  the  National  Environmental 
Research  Park  (NERP)  program,  which  it 
administers  nationally.  NERPs  were  established  to 
provide  protected  land  areas  for  research  and 
education  in  the  environmental  sciences  and  to 
demonstrate  the  compatibility  of  energy 
technology  development  with  a  quality 
environment.  This  concept  is  an  outgrowth  of  the 
National  Environmental  Policy  Act  of  1969  and 
the  demonstrated  public  desire  for  a  quality 
environment.  Each  NERP  (Fig.  1)  will  develop  its 
own  program  plan  following  an  outline  developed 
by  NERP  managers,  DOE  operations  offices,  and 
DOE-OHER.  Although  the  program  provides  the 
land  where  research  can  be  done,  the  actual 
research  in  most  cases  is  carried  out  by 
researchers  whose  funding  comes  from  other 
agencies  or  sources. 

The  ORNL  report,  Oak  Ridge  National 
Environmental  Research  Park  Department  of 
Energy  Program  Plan,  includes  explanations  of 

(1)  the  concept  and  mission  of  a  NERP; 

(2)  the  philosophy,  program  integration,  and 
administration  of  the  Oak  Ridge  NERP; 

(3)  specific  goals  and  objectives;  (4)   progress 
to  date;  and  (5)   national  and  local  issues 
affecting  the  future  of  the  Oak  Ridge  NERP.  The 


Fig.  1.  Locations  of  the  five  sites  designated  as  DOE 
NERPs:  (a)  ORR,  Tennessee;  (b)  Savannah  River  Plant, 
South  Carolina;  (c)  Los  Alamos  National  Laboratory, 
New  Mexico;  id)  Pacific  Northwest  Laboratory, 
Washington;  and  (e)  Idaho  National  Engineering 
Laboratory,  southeastern  Idaho.  The  Fermi  National 
Laboratory  in  Illinois  has  applied  for  NERP  status. 

manager  of  the  Oak  Ridge  NERP  program 
coordinates  researchers  from  ORNL's 
Environmental  Sciences  Division  (ESD)  and  outside 
researchers  using  the  Oak  Ridge  Reservation 
(ORR).  In  doing  so,  the  manager  works  closely 
with  the  ORR  Research  Management  Organization 
to  ensure  the  integrity  of  established  and  future 
research  projects  on  the  entire  ORR.  Some  basic 
science  research  is  funded  by  the  NERP  program, 
but  most  of  the  research  is  carried  out  by  ESD 
personnel. 

The  Oak  Ridge  NERP  consists  of  5008  ha 
(12,400  acres)  (Fig.  2)  and  contains  three  types 
of  protected  areas:  NERP  reference  areas,  NERP 
natural  areas,  and  state  natural  areas.  The  NERP 
reference  areas  (sites  that  are  representative  of 
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Fig.  2.  Location  of  the  NERP  on  the  ORR. 


the  vegetational  communities  of  the  southern 
Appalachian  region  or  that  possess  unique  biotic 
features)  can  be  used  for  nonmanipulative 
research  and  serve  as  sources  of  baseline 
information  for  long-term  observations.  The 
NERP  natural  areas  provide  protection  for  all 
plants  occurring  on  the  ORR  that  are  listed  as 
threatened  or  endangered  by  the  state  of 
Tennessee  or  by  the  federal  government.  The 
state  natural  areas  are  sites  that  the  Tennessee 
Department  of  Conservation  (TDC)  has  deemed 
worthy  of  protection  because  of  the  occurrence 
of  unique  vegetational  communities  or  rare  plant 
populations.  The  NERP  project  manager  manages 
these  state  areas  and  coordinates  research 
activity  on  them  by  working  closely  with  the 
TDC. 


For  a  copy  of  the  report,  contact 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 

P.  D.  Parr,  Oak  Ridge  National  Environmental  Research  Park 
Department  of  Energy  Program  Plan,  ORNL/NERP-1,  Oak 
Ridge  National  Laboratory  (November  1987). 

For  additional  information  about  the  Oak 
Ridge  NERP  program  or  plan,  contact 

Oak  Ridge  NERP  Project  Manager 
Environmental  Sciences  Division 
P.O.  Box  2008 

Oak  Ridge  National  Laboratory 
Oak  Ridge,  TN  37831-6038 

Telephone  (615)  576-8123;  FTS  626-8123 
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Technology  Application 


Oak  Ridge  National  Laboratories 


TREATMENT  OF  LOW-LEVEL  RADIOACTIVE  WASTE  FROM 
COMMERCIAL  NUCLEAR  REACTORS 


Key  words:  Low-level  radioactive  waste; 
treatment;  storage;  disposal  methods;  regulations 


Researchers  in  ORNL's  Chemical  Technology 
Division  have  compiled  a  multivolume  assessment 
of  low-level  radioactive  waste  (LLRW)  generated 
by  commercial  reactors.  The  second  volume, 
Low-Level  Radioactive  Waste  from  Commercial 
Nuclear  Reactors,  Volume  2:  Treatment,  Storage, 
Disposal,  and  Transportation  Technologies  and 
Constraints,  (1)  assesses  the  available  technology 
that  is  suitable  for  treatment  of  LLRW  from 
commercial  nuclear  reactors,  (2)  examines  the 
effects  of  current  regulatory  constraints,  and 
(3)   initiates  development  of  a  ranking  of 
processes  for  a  given  application  in  a  manner 
suitable  for  choosing  one  process  over  another. 
An  additional  objective  of  the  overall  assessment 
was  to  identify  research  and  development  needed 
to  improve  current  treatment,  disposal,  and 
decision  methodologies. 

Nuclear  power  plants  in  the  United  States 
generate  a  variety  of  radioactive  wastes.  These 
include  dry  combustible  and  noncombustible 
waste,  resins  from  water  treatment,  sludges,  and' 
oils.  Those  responsible  for  plants  that  generate 
waste  are  seeking  to  find  the  most  cost-effective 
combination  of  treatment,  transportation,  and 
disposal  systems  to  apply  to  these  wastes  within 
the  regulatory  constraints  of  local,  state,  tribal, 
and  federal  governments. 


The  regulations  affecting  LLRW  treatment  are 
identified  and  discussed  in  this  report.  The  major 
regulations  are  set  forth  in  the  Code  of  Federal 
Regulations  (10  CFR  Pts.  20,  50,  and  51; 
40   CFR  Pt.  190),  and  in  associated  regulatory 
guides,  generic  letters,  and  circulars  produced  by 
the  Nuclear  Regulatory  Commission's  Office  of 
Inspection  and  Enforcement.  The  biggest 
constraints  on  disposal  are  10  CFR  Pt.  61  (with 
associated  branch  technical  position  papers)  and 
its  companion,  10  CFR  Pt.  20.31 1. 

In  this  report,  treatment  technologies  are 
classified  into  the  following  categories  and  are 
discussed  in  detail: 

•  technologies  for  isolating  or  concentrating 
waste  constituents  from  water; 

•  removal  of  water  (dewatering); 

•  thermal  and  chemical  treatment  methods; 

•  biological  treatment; 

•  decontamination  methods; 

•  mechanical  treatment,  including  volume 
reduction;  and 

•  immobilization  (solidification/stabilization  and 
encapsulation). 

Packaging,  storage,  transportation,  and 
disposal  technologies  (Fig.  1)  are  discussed  in 
detail.  An  initial  effort  was  started  toward  the 
development  of  a  method  for  ranking  treatment 
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Fig.  1.  Intrusion-resistant,  shallow-land  burial  facility 
for  LLRW  (a)  during  the  operational  phase  with  an 
air-supported  weather  shield  in  place  and  (b)  after 
closure. 

processes  for  a  given  application  with  the 
ultimate  objective  of  facilitating  the  selection  of 
the  most  appropriate  treatment  of  an  LLRW 
stream.  Treatment  methodologies  were  grouped 
into  69  categories,  and  waste  streams  were 
grouped  into  3 1  types.  A  matrix  of  the  LLRW 
stream  types  vs  the  applicable  treatment 
technologies  was  prepared.  This  matrix  identifies 
methods  that  are  used  extensively  or  sparingly 
for  waste-stream  types.  It  also  identifies 
advanced  or  developmental  methods  that  could 
be  applied  for  treatment  of  LLRW  waste  streams. 

A  survey  is  included  that  compiles  the 
methods  of  LLRW  treatment  that  are  currently 
used,  under  consideration,  or  discontinued  by 
commercial  nuclear  power  plants. 


Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 


B.  R.  Rodgers  and  R.  L.  Jolley,  Low-Level  Radioactive 
Waste  from  Commercial  Nuclear  Reactors,  Volume  1: 
Recommendations  for  Technology  Developments  with 
Potential  to  Significantly  Improve  Low-Level  Radioactive 
Waste  Management,  ORNL/TM-9846-Vol.  1 ,  Oak  Ridge 
National  Laboratory  (February  1986). 

R.  L.  Jolley  et  al.,  Low-Level  Radioactive  Waste  from 
Commercial  Nuclear  Reactors,  Volume  2:  Treatment, 
Storage,  Disposal,  and  Transportation  Technologies  and 
Constraints,  0RNL/TM-9846/V2,  Oak  Ridge  National 
Laboratory  (May  1986). 

M.  K.  Bowers,  B.  R.  Rodgers,  and  R.  L.  Jolley,  Low-Level 
Radioactive  Waste  from  Commercial  Nuclear  Reactors, 
Volume  3:  Bibliographic  Abstracts  of  Significant  Source 
Documents,  Part  1,  Open  Literature  Abstracts  for  Low-Level 
Radioactive  Waste,  ORNL/TM-9846/V3&P  1 ,  Oak  Ridge 
National  Laboratory  (May  1986). 

R.  L.  Jolley  and  B.  R.  Rogers,  Low-Level  Radioactive  Waste 
from  Commercial  Nuclear  Reactors,  Volume  3:  Bibliographic 
Abstracts  of  Significant  Source  References,  Part  2, 
Bibliography  for  Treatment,  Storage,  Disposal  and 
Transportation  Regulatory  Constraints, 
ORNL/TM-9846/V3&P2,  Oak  Ridge  National  Laboratory 
(May  1986). 

H.  W.  Godbee  et  al.,  comps.,  Low-Level  Radioactive  Waste 
from  Commercial  Nuclear  Reactors,  Volume  4:  Proceedings 
of  the  Workshop  on  Research  and  Development  Needs  for 
Treatment  of  Low-Level  Radioactive  Waste  from  Commercial 
Nuclear  Reactors,  ORNL/TM-9846-Vol.  4,  Oak  Ridge 
National  Laboratory  (May  1 986). 
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01 16  Artificial  Intelligence  Concepts  and  Applications 

01 1 7  Automated  Assembly  of  Additive  Liner  to  Tank  Cartridge 

01 1 8  The  ABC's  of  U.S.  Certification  Programs  Published 

01 1 9  Pilot  Plant  for  Advance  Metal  Matrix  Composites  Completed 

0120  Data  Verification  System  Used  At  Vertical  Workstation 

0121  Cepstral  Analysis  Detects  Ball-Cage  Wear — Vibrational  frequencies  symptomatic 
of  wear  are  found  quickly. 

0122  Erosion-Resistant  Water-Blast  Nozzle — A  tapered  design  imparts  long  life  and 
effectiveness.  (Licensing  Opportunity) 

0123  Erosion-Resistant  Water-and-Grit-Blasting  Assembly — A  unit  releases  a  jet  of 
abrasive-containing  water.  (Licensing  Opportunity) 

01 24  Relief  Valve  Opens  and  Closes  Quickly — The  valve  reseats  after  a  small 
pressure  drop. 

0125  Improved  Robot-Joint  Calculations — Modified  Denavit-Hartenberg  parameters 
are  better  for  locating  successive  joint-axis  systems. 

01 26  Seals  for  Cryogenic  Turbomachines — An  analysis  considers  the  effects  of  seals 
on  stability. 

0127  Self-Centering  Reciprocating-Permanent-Magnet  Machine — The  coil  can  be 
sized  for  the  required  efficiency  and  power. 

0128  Separating  Images  for  Welding  Control — Optics  in  the  torch  direct  views  of  the 
weld  to  two  different  sensors.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0088     Redundant  Grounding  Circuit  for  Arc  Welding — Arc  burns  at  loose  ground 
connections  are  prevented. 
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U-S-  Army  Fact  Sheet 


Artificial  Intelligence  Concepts  and  Applications 


Artificial  intelligence  applications  have  generated  wide  interest.     A  report 
focuses  on  manufacturing  applications  of  AI.     It  was  prepared  under  con- 
tract for  the  U.S.  Army  Industrial  Engineering  Activity,  Production  Engi- 
neering Division,  Rock  Island,  Illinois. 

It  considers  Artificial  Intelligence  as  applied  to  manufacturing.     The  first 
portion  is  based  on  available  literature.     AI  is  defined  and  various  potential 
applications  considered.     This  review  includes  summaries  of  20  publications 
as  well  as  recommendations  for  a  manufacturing  library. 

Artificial  Intelligence  technology  in  DoD  has  taken  on  a  great  deal  of 
importance  as  evidenced  by  the  Army  AI  Center  established  at  Army 
Headquarters  to  prepare  the  Army  for  AI  in  the   1900s;  the  Navy  Center 
for  Applied  Research  in  AI  at  the  Naval  Research  Laboratory  in 
Washington,  D.C.;  and  the  Air  Force  AI  Center  currently  being  established 
in  Dayton,  Ohio.     These  AI  organizations  are  being  formed  to  centralize 
and  facilitate  coordination  and  sharing  of  information,  issues,  and  concepts 
about  AI  within  the  DoD  branches. 

Applications—in  various  stages  of  research,  development  and  implemen- 
tation—range from  strategic  systems  for  management  decision-making  to 
tactical  systems  such  as  smart  missiles,   terrain  analysis,  and  reconfigurable 
flight  controls  to  logistics  applications  related  to  design,   manufacture, 
diagnostics  and  repair  of  defense  equipment.     In  this  category,  applications 
relating  to  diagnostics  appear  to  be  the  most  mature  and  those  related 
to  manufacturing  the  least.     AI  was  often  found  to  be  a  future  planned 
enhancement  of  CIM  systems  already  in  production  or  currently  being 
implemented. 

While  few  AI  systems  have  been  implemented  long  enough  to  document 
measurable  track  records,  preliminary  estimates  show  the  potential  for 
Artificial  Intelligence  to  provide  tremendous  savings  in  weapons  systems 
logistics.     Most  systems  are  application  specific  with  few  generic  parts 
that  can  be  directly  applied  to  other  problems.     The  real  significance  to 
the  projects  in  the  survey  are  that  the  concepts  are  transferable,  they 
prove  that  it  can  be  done,  they  provide  lessons  learned  in  how  to  do  it, 
and  they  demonstrate  the  potential  for  tremendous  savings. 

(MTIAC)     Manufacturing  Technology  Information  Analysis  Center 

(NTIAC)     Nondestructive  Testing  Information  Analysis  Center 

(PLASTEC)     Plastics  Technical  Evaluation  Center 

(PSTIAC)     Pavement  and  Soils  Trafficability  Information  Analysis 
Center 

(RAC)     Reliability  Analysis  Center 
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(SMIAC)     Soil  Mechanics  Information  and  Analysis  Center 

(SURVIAC)     Survivability/Vulnerability  Information  Analysis  Center 

(TACTEC)    Tactical  Technology  Center  { 

A  directory  of  DoD  Information  Analysis  Centers  is  available  from  Defense 
Technical  Information  Center,  Defense  Logistics  Agency,  Cameron  Station, 
Alexandria,  VA  22304-6145. 

Historically,  developments  in  flexible  manufacturing  systems  have  focused 
more  on  machining  technologies  than  on  control  systems.     In  fact,   many 
highly  sophisticated  flexible  manufacturing  systems  being  installed  today 
still  use  the  first-generation  control  systems  that  FMSs  used  in  their 
evolutionary  years. 

However,  the  Advanced  Machining  System  (AMS)  program,  sponsored 
jointly  by  the  Air  Force's  Wright  Aeronautical  Labs/Materials  Laboratory 
and  General  Dynamics  (Fort  Worth),  promises  to  change  that  with  the 
FMS  development  that  will  provide  total  automation  for  the  machining, 
finishing,  and  inspection  of  a  large  family  of  parts  for  the  F-16  Falcon 
aircraft. 

FOR  ADDITIONAL  INFORMATION:     contact  Manufacturing  Technology 
Information  Center,   10  West  35th  Street,  Chicago,  IL  60616;  (312)  567-4730. 
Refer  to  Volume  4,  No.  1. 
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US  Army  Fact  Sheet 


Automated  Assembly  of  Additive  Liner  to  Tank 
Cartridge 


The  purpose  of  this  project  was  to  replace  a  labor  intensive  manual 
operation  with  automated  equipment.     The  process  involves  the 
application  of  two  interrupted  radial  bands  of  adhesive  to  the  inside 
of  the  cartridge  case,  partially  curing  the  adhesive  with  a  jet  of 
compressed  air,  coiling  the  liner  on  a  mandrel,  inserting  it  into  the 
cartridge  case,  seating  it  with  an  inflatable  bladder  and  inspecting 
the  liner  for  presence,  position  and  gap.     Automation  was  accomplished 
by  the  use  of  a  dual  station,   16-nest,  walking  beam  assembly  machine. 

With  the  exception  of  the  inspection  stations,  the  project  was  fully 
successful.     Although  the  automatic  inspection  was  not  successful,  the 
requirement  for  eight  operators  in  the  manual  operation  was  reduced 
to  five.     Presently,  an  ECP  is  in  process  that  will  facilitate  the 
automation  of  the  inspection  process.     When  approved,  it  is  anticipated 
that  the  crew  size  will  be  reduced  to  three  operators  for  a  total 
reduction  of  five  operators. 

FOR  ADDITIONAL  INFORMATION:    Mr.  Tom  Jameson,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards  (NBS)  ( 

U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 


The  ABC's  of  U.S.  Certification  Programs  Published 


Certification  programs,  considered  a  vital  link  between  product  standards 
and  actual  products,  have  significant  impact  on  the  marketplace.     The 
ABC's  of  Certification  Activities  in  the  United  States    (NBS1R  88-382"! ), 
describes  the  different  types  of  programs  or  schemes  used  to  produce 
written  assurance  that  a  product  or  service  conforms  to  a  standard  or 
specification.     A  sequel  to  The  ABC's  of  Standards-Related  Activities 
in  the  United  States  (1987),  the  new  report  provides  a  further  intro- 
duction to  certification  for  those  not  familiar  with  this  important 
standards-related  activity.     Included  are  descriptions  of  product  quality, 
self-certification,  third-party  certification,  federal,  state,  international 
and  regional  programs,  choice  of  standards,  certification  methodology, 
and  certification  marks.     The  report  also  addresses  some  of  the  potential 
problems  with  certification  programs. 

FOR  ADDITIONAL  INFORMATION:     For  a  copy  of  NBSIR  88-3821,  send 
a  self-addressed  mailing  label  to:     Maureen  A.  Breitenberg,  A629  Adminis- 
tration Bldg.,  NBS,  Gaithersburg,  MD  20899;  (301)  975-4031. 
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Pilot  Plant  for  Advanced  Metal  Matrix  Composites 
Completed 


The  recent  completion  of  Manu- 
facturing Technology  Project  M0413 
on  Fabrication  of  Fiber  Reinforced 
Metals  by  Ion  Plating  opens  the  door 
to  mass  production  of  metal  matrix 
composites  (MMCs).  Although  focus- 
sed  on  production  of  continuous 
graphite  fiber  reinforced  aluminum 
composite  precursor  tapes  ("pre- 
pregs"),  the  versatility  inherent  in  the 
process  of  manufacturing  MMC  pre- 
cursors by  vapor  deposition  methods 
was  exploited  to  also  produce  graphite/ 
magnesium,  graphite/copper,  and  sili- 
con carbide/titanium  tapes. 

The  principal  advantages  of  this 
new  MMC  technology  are  (1)  contin- 
uous manufacturing  processes,  (2) 
broad  materials  options,  and  (3) 
thin-gauge  precursor  tapes.  Continu- 
ous processes  are  amenable  to  automa- 
tion which  improves  product  consis- 
tency and  lowers  costs.  The  generic 
quality  of  the  manufacturing  process 
itself  offers  a  virtually  unlimited 
selection  of  fiber/matrix  combinations 


la  (ft) 


which  enables  fabrication  of  compos- 
ite materials  that  were  previously 
intractable.  Finally,  the  MMC  pre- 
cursor tapes  are  only  0.0003  to 
0.0008  inch  thick  making  it  possible 
now  to  fabricate  thin-gauge  com- 
posite structures  in  complex  lay-ups 
designed  to  capitalize  on  fiber  rein- 
forcement geometries.  Perhaps  the 
most  important  feature  of  this  new 
technology  is  that  precursors  may  be 
provided  in  the  form  of  continuous 
ultra-thin  sheets,  tapes,  or  tows  that 
are  pliant  and  lend  themselves  easily  to 
angle-plying,  braiding,  weaving,  and 
winding.  Such  techniques  make  it  pos- 
sible now  to  apply  or  adapt  all  the 
structural  design  and  fabrication  tech- 
nologies developed  for  polymer  matrix 
composites  to  a  new  class  of  ceramic- 
or  metal-based  structures  that  have 
light  weight  and  remarkable  strength 
and  dimensional  stability,  even  at  ele- 
vated temperatures. 

The     process     for     manufacturing 
vapor  deposition  method  (VDM)  MMC 
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EIGHT-CHAMBER  VACUUM  COATING  SYSTEM  PRODUCES  2.5-INCH  WIDE, 

5000-FOOT  LONG  METAL  MATRIX  COMPOSITE  PRECURSOR  MONOTAPES  WITH 

AS  MANY  AS  SIX  DIFFERENT  LAYERS  IN  THE  COATINGS  ON  FIBERS. 
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precursor  tapes  is  conceptually  simple. 
Fibers  are  drawn  from  a  creel  in  the 
form  of  tow  containing  typically 
several  thousand  fibers  and  spread 
into  approximately  a  monolayer  tape. 
Fiber  surfaces  are  then  plasma-cleaned 
by  passage  through  an  argon  glow  dis- 
charge. The  tape  is  then  coated  with  a 
metal  matrix  by  magnetron  sputtering, 
after  which  it  is  taken  up  on  a  reel  and 
made  available  for  subsequent  process- 
ing into  consolidated  composite  struc- 
tures. This  fiber  coating  system  may 
be  configured  to  deposit  as  many  as 
six  different  sequential  coatings  on  the 
fibers  in  a  single  pass. 

The  VDM  MMC  precursors  are 
pliant  and  quite  easy  to  handle.  Such 
tapes  are  simply  wound  or  cut  into 
plies  for  assembling  a  lay-up  and  then 
consolidated  into  a  structure  by  apply- 
ing pressure  and  temperature  to  effect 
diffusion  bonding  of  the  individual 
coated  fibers.  Most  often,  the  consol- 
idation is  by  hot-press/diffusion-bond- 
ing. However,  these  tapes  are  well- 
suited  to  continuous  consolida- 
tion processes  such  as  strip-draw 
consolidation. 

The  end-of-project  demonstration 
featured  a  pilot  production  facility 
consisting  of  three  lines  capable  of 
producing  5000-foot  long  MMC  pre- 
cursor tapes.  The  process  develop- 
ment line  incorporates  six  coating 
chambers  that  may  be  individually 
configured  to  apply  sequential  coat- 
ings on  the  fibers  to  act  as  diffusion 
barriers,  compliant  layers,  compound 
matrices,  anti-oxidation  layers,  or 
eutectic  bonding  agents.  Tape  widths 
up  to  2.5  inches  wide  are  produced. 
New  MMCs  are  being  micro-engineered 
on  this  system  to  meet  the  structural 
performance  requirements  of  emerging 
defense  platforms  and  systems  that 
were  previously  materials-limited. 

The  other  two  production  lines  ac- 
commodate tape  widths  up  to  6  inches 
wide       in       single,    high-rate   coating 


modules.  They  are  configured  to 
accept  add-on  coating  modules  for  in- 
creasing tape  throughput  or  for  pro- 
ducing special  multi-layer  fiber  coat- 
ings. Coating  processes  available  to  all 
systems  include  plasma-enhanced 
chemical  vapor  deposition,  rf  and  dc 
magnetron  sputtering,  conventional 
and  reactive  ion  plating,  and  thermal 
evaporation.  System  design  philoso- 
phy was  based  on  such  flexible  manu- 
facturing modules  to  facilitate  rapid, 
inexpensive  conversion  of  production 
lines  to  new  MMCs  as  user  require- 
ments change. 

The  demonstration  also  included 
facilities  for  consolidating  thin-sheet 
MMC  materials  by  hot  pressing  and 
strip  drawing.  Sample  products  ex- 
hibited were  all  thin-gauge  materials 
and  included  graphite  reinforced  alu- 
minum, magnesium,  and  copper  panels, 
as  well  as  thin-walled  seamless  graphite/ 
magnesium  tubes  having  zero  co- 
efficients of  thermal  expansion  for 
structural  applications  requiring  ex- 
ceptional dimensional  stability.  Also 
demonstrated  were  thin  titanium  alu- 
minide  composites  reinforced  with 
Nextel  (alumina-boria-silica)  fibers  for 
high  temperature  applications,  as  well 
as  graphite/niobium-nitride/copper 
superconducting  composite  tapes  and 
sheet  goods.  Product  highlights  gave 
some  indication  of  where  this  new 
technology  is  leading;  for  example, 
toward  high-performance  super- 
conductors for  naval  power  and 
propulsion  systems;  to  dimensionally- 
stable,  space-based  antennas  and  sen- 
sor platforms;  and  to  structural  com- 
ponents in  hypersonic  missiles  and 
aircraft. 

For    more    information    on    this 
program,  please  contact: 
Commander, 

Naval  Research  Laboratory 
Attn:  Dr.  S.C.  Sanday,  Code  6370 
Washington,  D.C.  20375 
Telephone:   (202)  767-2264 
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Data  Verification  System  Used  At  Vertical  Workstation 


A  data  verification  system  devel- 
oped for  the  AMRF's  Vertical  Work- 
station ensures  that  parts  made  there 
will  be  correct  and  that  tools  will  not 
be  broken  due  to  NC  program  errors. 

This  workstation  is  capable  of  run- 
ning in  stand-alone  mode  as  an  inte- 
grated CAD/CAM  system.  The  opera- 
tor can  sit  at  a  computer  terminal, 
design  a  part,  tell  the  system  to  make 
it,  and  relax  while  the  system  handles 
the  rest  automatically  and  returns  the 
finished  part  within  the  hour. 

The  system  uses  three  kinds  of 
changeable  data;  designs,  process  plans, 
and  numerical  control  code  (NC-code) 
and  several  unchanging  sets  of  data. 
Ten  types  of  data  verification  are  used 
to  ensure  the  correctness  of  these  data. 
Seven  of  these  are  automatic.  The 
other  three  are  user  interactive.  Part 
of  the  verification  system  is  always  at 
work.  Several  elements  can  be  control- 
led by  the  user  by  setting  verification 
to    "off,"    "on   soft,"    or  "on  hard." 

For  the  user  interactive  verification 
mode,  the  system  draws  a  picture  of 
the  part  (a  simplified  three-view 
mechanical  drawing)  during  part 
design,  which  the  user  checks  for  cor- 
rectness. When  the  NC  code  is  being 
written,  a  picture  plan  is  carried  out. 
This  is  a  graphical  simulation  of  the 
machining  process  that  can  be  checked 
by  the  user.  Immediately  after  the  NC 
code  has  been  written,  the  system 
makes  a  tool  path  drawing  on  the  fin- 
ished picture  of  the  part. 

As  part  of  the  automatic  verification 
process,  the  interactive  design  editor 
prevents  errors  during  part  design  by 
controlling  the  dialog  with  the  user, 
not  allowing  incorrect  user  responses 


to  its  questions,  and  constructing  the 
data  set  itself,  based  on  user  input. 
Three  different  types  of  design  verifi- 
cation are  applied  to  the  design; 
parameter  type  checking,  reference 
feature  fit  checking,  and  feature  verifi- 
cation. In  the  last  of  these,  each  fea- 
ture must  satify  a  number  of  rules  that 
apply  to  features  of  the  given  type. 
In  all  phases,  the  part  design  is  en- 
hanced by  having  the  system  calculate 
additional  parameters  that  describe 
each  feature  of  the  part.  Many  checks 
are  made  during  this  enhancement 
process. 

Workpiece  verification  is  similar  to 
design  verification,  but  it  is  the  data 
that  represent  the  shape  of  an  actual 
workpiece  that  are  checked. 

Process  plan  verification  is  per- 
formed when  the  NC  code  is  being 
written.  The  system  constructs  a  data 
model  of  the  part,  and  updates  the 
model  as  steps  of  the  process  plan  are 
carried  out.  Several  checks  are  made 
of  this  model  at  each  step.  Verifica- 
tion includes  checking  whether  the 
right  tool  is  being  used,  and  if,  for 
example,  the  tool  will  hit  the  vise 
holding  the  part. 

During  the  last  Automation  Open 
House,  this  workstation  was  handled 
by  one  man  who  had  no  involvement 
in    the    development    of   the    system. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Tom  Kramer 

AMRF  Project 

Building  220— Room  B-244 

National  Bureau  of  Standards 

Gaithersburg,  MD  20899 

(301)975-3518 
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Cepstral  Analysis  Detects  Ball-Cage  Wear 

Vibrational  frequencies 
symptomatic  of  wear  are 
found  quickly. 


A  collection  of  letters  and  reports  dis- 
cusses an  application  of  cepstral  analysis 
to  the  diagnosis  of  wear  in  ball-bearing 
cages  in  rotating  machinery.  When  the 
cepstral  analysis  is  performed  with  the 
help  of  a  suitable  analog  computer  or  digi- 
tal computer  and  program,  the  ball-cage  vi- 
brations and  changes  in  vibrations  that  are 
symptomatic  of  wear  can  be  detected 
earlier  in  a  test  than  they  can  be  by  more 
conventional  methods  based  on  strain- 
gauge  measurements. 

Although  there  are  several  alternative 
definitions  of  the  cepstrum,  it  can  be  said  in 
general  that  a  cepstrum  is  a  spectrum  of  a 
logarithmic  power  spectrum.  Because  of 
this,  a  peak  in  the  cepstrum  indicates 
periodicity  in  the  spectrum;  usually,  this 
signifies  a  family  of  harmonics  at  equal  fre- 
quency intervals. 

Cepstral  analysis  is  particularly  useful  in 
diagnoses  of  gearboxes  and  rolling-ele- 
ment bearings  because  the  merging  of 
data  on  vibrations  at  harmonically  related 
frequencies  into  a  single  cepstral  peak 


makes  it  easier  to  assess  qualitatively,  at  a 
glance,  what  changes  are  taking  place  at  a 
multitude  of  significant  points  in  the  spec- 
trum. The  amplitude  of  a  cepstral  peak  is  a 
function  of  the  individual  harmonic  am- 
plitudes. Changes  in  the  number  and 
strengths  of  the  harmonics,  which  usually 
indicate  deterioration  of  the  item  under 
test,  cause  fluctuations  in  the  amplitude  of 
the  cepstral  peak.  Thus,  to  detect  wear 
during  a  test,  it  may  be  necessary  to  watch 
for  changes  in  only  one  or  a  few  cepstral 
peak(s),  whereas  it  would  be  necessary  to 
monitor  many  peaks  in  a  spectrum. 

For  example,  in  the  case  of  a  turbopump 
ball-bearing  cage  that  was  the  object  of 
these  studies,  it  was  found  that  wear  could 
be  monitored  by  observing  only  the  cep- 
stral peak  that  corresponds  to  the  funda- 
mental frequency  of  the  ball-cage  vibra- 
tions: subsequent  cepstra  clearly  showed 
the  rise  of  the  ball-cage  frequencies  and 
their  modulation  effects  relative  to  the 
cepstral  peak  due  to  the  rotation.  This 
represents  a  great  reduction  in  the  analyti- 


cal effort  required  by  the  previous  spectral- 
analysis  technique,  which  required  the 
generation  and  examination  of  calibrated 
spectral  isoplots  throughout  a  test. 

This  work  was  done  by  Gary  E.  Weese 
and  Michael  G.  Hine  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Right 
Center. 

"Ball-Cage  Frequency  Detection  Using 
Cepstrum  Analysis, " 
MFS-29187/TN 
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Erosion-Resistant  Water-Blast  Nozzle 

A  tapered  design  imparts  long  life  and  effectiveness. 


A  new  high-pressure  water-jet  nozzle 
for  stripping  coatings  from  structures  lasts 
longer  than  traditional  water-blast  nozzles. 
The  design  of  the  nozzle  reduces  erosion 
of  the  orifice  by  the  turbulent  high-pressure 
water  flowing  through  it. 

The  new  nozzle  has  higher  efficiency,  as 
shown  by  the  greater  flow  rate  of  20  kpsi 
(138  MPa)  water  compared  with  that  of  a 
traditional  nozzle  of  the  same  orifice  size. 
In  addition,  the  new  nozzle  strips  away 
such  coatings  as  paint,  primer,  and  insula- 
tion more  rapidly  and  more  completely. 

The  improved  performance  and  resis- 
tance to  erosion  were  achieved  by  giving 
the  interior  nozzle  surface  a  long,  gradual 
convergence  before  the  exit  orifice  and  an 
abrupt  divergence  after  the  orifice  (see 
figure)  and  by  machining  this  surface  to  a 
smooth  finish.  Stainless-steel  alloy  17-4 
PH/900H  (or  equivalent)  was  selected  as 
the  nozzle  material  for  its  strength  and 
hardness.  The  nozzle  can  be  attached  to 
the  water  source  by  a  standard  3/4-in. 
(1.9-cm)  connector. 

The  nozzle  produces  a  jet  with  a  long 
core.  It  can  therefore  be  positioned  farther 
from  the  work  than  traditional  nozzles,  so 
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Orifice         Abrupt 
Divergence 
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Water  Jet 


The  Taper  in  the  Stripping  Nozzle  reduces  erosion.  The  nozzle  mates  with  a  standard  con- 
nector. 


that  the  probability  of  a  collision  with  the 
workpiece  is  reduced  when  the  nozzle  is 
used  by  a  robot. 

This  work  was  done  by  Marion  L. 
Roberts  of  Marshall  Space  Flight  Center 
and  R.  M.  Rice  and  S.  A.  Cosby  of  USBI 
Booster  Production  Co.  No  further  docu- 
mentation is  available. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  NASA  Act  [42 


U.SC.  2457(f)],  to  the  USBI  Booster  Pro- 
duction Co.  Inquiries  concerning  licenses 
for  its  commercial  development  should  be 
addressed  to 

USBI  Booster  Production  Co. 

P.  O.  Box  1900 

Huntsville,  AL  35907 
Refer  to  MFS-28218/TN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  CodeCCCM 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


122 


WNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Licensing 
Opportunity 


Erosion-Resistant  Water-and-Grit-Blasting  Assembly 

A  unit  releases  a  jet  of  abrasive-containing  water. 


( 


A  nozzle  assembly  adds  abrasive  par- 
ticles to  a  high-pressure  water  jet.  The  as- 
sembly includes  the  new  tapered  stripping 
nozzle  described  in  "Erosion-Resistant 
Water-Blast  Nozzle"  (MFS-28218)  in  this 
issue  of  NASA  Tech  Briefs.  The  addition  of 
abrasive  particles  to  the  jet  from  the  ta- 
pered nozzle  enhances  the  ability  of  the  jet 
to  remove  coatings  quickly  and  effectively. 
At  the  same  time,  the  assembly  shares  the 
erosion  resistance  and  longevity  of  the  ta- 
pered nozzle. 

The  assembly  includes  an  abrasive  in- 
jector and  an  exit  nozzle  (see  figure).  The 
abrasive  injector  slips  over  the  tapered 


stripping  nozzle  and  screws  into  the  stand- 
ard 3/4-in.  (1.9-cm)  connector,  replacing 
the  gland  nut  that  ordinarily  retains  the  ta- 
pered nozzle.  The  connection  uses  no 
O-rings  or  backup  rings.  Commonly  used 
as  seals  in  conventional  grit-blast  nozzle 
assemblies,  such  rings  tend  to  be  extruded 
under  high  pressure  and  eventually  fail. 

The  partial  vacuum  created  in  the  abra- 
sive-injector housing  by  the  water  flowing 
from  the  tapered  nozzle  draws  the  abra- 
sive particles  into  the  exit  nozzle.  Like  the 
tapered  nozzle,  the  exit  nozzle  is  made  of 
17-4  PH/900H  (UNSS17400)  stainless- 
steel  alloy  and  is  gradually  tapered  and 


smoothly  finished  in  its  converging  section 
to  minimize  erosion.  It  ends  in  a  cylindrical 
exit  orifice. 

If  desired,  the  nozzle  assembly  can  be 
used  for  nonabrasive  stripping  by  simply 
closing  the  abrasive-supply  line.  The  long, 
straight  jet  created  by  the  tapered  stripping 
nozzle  is  retained,  and  it  is  not  necessary  to 
remove  the  abrasive  injector  from  the  ta- 
pered nozzle. 

This  work  was  done  by  Marion  L 
Roberts  of  Marshall  Space  Right  Center 
and  R.  M.  Rice  and  S.  A.  Cosby  of  USBI 
Booster  Production  Co.  No  further  docu- 
mentation is  available. 
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The  Abrasive  Nozzle  is  combined  with  a  high-pressure  tapered  stripping  nozzle  and  a  standard  connector.  The  partial  vacuum  in  the  relatively 
large  chamber  of  the  abrasive-injector  housing  entrains  the  grit  particles  from  the  abrasive  supply. 
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Relief  Valve  Opens  and  Closes  Quickly 


The  valve  reseats  after 
a  small  pressure  drop. 

A  relief  valve  opens  quickly  to  relieve  ex- 
cess pressure  and  closes  quickly  when  the 
pressure  drops  slightly  below  the  relief 
pressure.  Although  the  valve  was  designed 
for  use  aboard  the  Space  Shuttle  to  vent 
pressurized  hydrazine  to  vacuum,  the 
valve  concept  may  be  useful  in  industrial 
applications  where  rapid  opening,  rapid 
closing,  or  low  susceptibility  to  blockage  by 
the  vented  fluid  is  required. 

The  valve  is  connected  to  the  pressur- 
ized system  through  its  externally  threaded 
end,  through  which  a  channel  leads  to  dis- 
charge ports  (see  figure).  Normally,  Belle- 
ville-spring washers  push  the  relief-valve 
poppet  forward  until  it  bottoms  on  the  seal- 
ing surface,  compressing  the  O-ring  so  that 
it  forms  a  seal  at  the  sealing  surface,  the 
O-ring  groove,  and  the  discharge  ports. 

Under  moderate  pressure,  the  working 
fluid  flows  around  the  poppet  stem,  and  the 
differential  pressure  forces  the  O-ring  into 
the  crack  between  the  poppet  and  the 
sealing  surface.  In  this  condition,  a  tight 
seal  is  maintained.  As  pressure  increases 
further,  the  poppet  begins  compressing  the 
Belleville-spring  washers,  and  the  O-ring 
moves  into  the  gap  between  the  sealing 
surface  and  the  poppet  face,  still  maintain- 
ing a  tight  seal. 

When  the  pressure  rises  to  the  preset 
relief  pressure,  the  poppet  compresses  the 
washers  more.  As  the  O-ring  is  forced  far- 
ther into  the  gap,  it  uncovers  one  of  the 
discharge  ports  with  a  snap  action,  allow- 
ing the  pressurized  fluid  to  be  expelled.  Ad- 
ditional increases  in  pressure  move  the 
poppet  farther  and  push  the  O-ring  farther 
into  the  gap,  uncovering  additional  dis- 
charge ports.  At  the  highest  pressure,  the 
O-ring  is  forced  completely  out  of  its 
groove,  uncovering  all  the  discharge  ports, 
but  still  maintaining  a  seal  around  the  out- 
side of  the  poppet. 

As  the  pressure  decreases,  the  combi- 
nation of  spring  force  on  the  poppet  and 
O-ring  elasticity  drives  the  ring  back  into  its 
groove,  and  thus  the  valve  snaps  closed. 
The  valve  reseats  at  only  5  to  10  lb/in.2  (35 
to  69  kPa)  below  the  relief  pressure. 

The  reseating  is  fast  because  the  pri- 
mary movement  is  in  the  O-ring  rather  than 
the  poppet.  For  example,  as  the  pressure  is 
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The  O-RIng  Exposes  One  or  More  Ports  under  high  pressure,  thus  releasing  excess  pressur- 
ized fluid.  The  adjusting  screw  is  used  to  change  the  compression  on  the  Belleville-spring 
washers  and  thus  to  set  the  pressure  at  which  the  valve  opens. 
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raised  from  zero  to  a  relief  pressure  of 
1,000  lb/in.2  (6.89  MPa),  the  poppet  moves 
a  total  of  only  0.004  in.  (0.1  mm).  When  the 
valve  is  reseated  at  990  lb/in.2  (6.83  MPa), 
the  poppet  has  retracted  only  0.0005  in. 
(0.013  mm).  At  a  pressure  of  500  lb/in.2 
(3.5  MPa),  the  poppet  has  returned  to  its 
original  position. 

The  following  two  features  prevent  the 
fluid  from  freezing  and  blocking  the  relief 
valve  when  it  discharges  into  a  vacuum: 

1 .  The  discharge-port  channels  are  short, 
and  the  fluid  passes  through  them  at  high 
speed. 

2.  The  discharge  ports  are  located  on  the 
low-pressure  side  of  the  O-ring  and  vent 
directly  to  the  outside.  As  a  consequence, 
the  springs  and  the  other  parts  that  en- 
gage in  relative  motion  are  not  wet  by  the 
fluid  and  are  therefore  unlikely  to  become 
stuck  with  frozen  fluid. 

777/s  work  was  done  by  Paul  A. 
Svejkovsky  of  Northrop  Services,  Inc.,  for 
Johnson  Space  Center.  MSC-21209/TN 
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Improved  Robot-Joint  Calculations 

Modified  Denavit-Hartenberg  parameters  are  better  for  locating  successive  joint-axis  systems. 


The  motion  of  a  robot  hand  is  the  result  of  movements  of  joints  in 
the  robot  arm.  To  transform  commands  from  the  operator  to  the  robot 
hand  into  movements  of  joints  and  to  pass  information  from  sensors 
along  the  arm,  the  relative  locations  of  successive  joint-axis  systems 
must  be  known.  By  far,  the  most  popular  way  to  describe  the  relative 
location  and  orientation  of  one  joint-axis  system  with  respect  to  an- 
other is  to  use  the  well-known  Denavit-Hartenberg  parameters. 

However,  a  recent  justifiable  criticism  is  that  one  of  these  para- 
meters approaches  infinity  when  two  successive  joints  have  nearly- 
parallel  rotational  axes.  Geometrically,  this  parameter  removes  the 
joint  axis  an  excessive  distance  from  the  robot  arm;  computationally, 
this  large  parameter  leads  to  an  ill-conditioned  transformation  matrix. 

A  simple  modification  in  the  location  of  this  axis  system  easily 
overcomes  this  disadvantage.  This  modification  results  from  the 
insistence  that  a  transverse  vector  between  successive  joint 
rotational  axes  be  perpendicular  to  one  of  the  rotational  axes  instead 
of  to  both  axes.  This  simple  modification  leads  to  modified  Denavit- 
Hartenberg  parameters  that  favorably  locate  successive  joint-axis 
systems. 

In  an  example  of  a  robot  arm  with  elbow  and  shoulder  joints  (see 
figure),  the  regular  and  modified  Denavit-Hartenberg  parameters 
were  extracted  by  an  algebraic  method  with  simulated  measure- 
ments of  three  different  locations  of  a  point  on  the  robot  arm.  For  small 
misalignments  of  the  elbow-and  shoulder-joint  rotational  axes  from 
a  parallel  condition,  the  regular  Denavit-Hartenberg  parameters 
locate  the  elbow-joint  system  far  away  from  the  robot  arm;  the 
modified  parameters  locate  the  axis  system  at  the  desired  place  on 
the  robot  arm.  In  addition,  for  a  given  accuracy  of  the  measurements 
used  in  the  parameter-extraction  process,  the  extracted  values  for 


the  Denavit-Hart- 
enberg parameters 
yielded  considerably 
larger  errors  than  did 
the  extracted  values 
for  the  modified  para- 
meters. It  is  evident 
that  the  modified  para- 
meters  provide  a 
more  natural  location 
of  successive  joint- 
axis  systems  and 
would  be  useful  in  the 
industrial  calibration 
of  robot  arms. 

This  work  was  done 
by  L.  Keith  Barker  of 
Langloy  Research 
Center.  Further  infor- 
mation may  be  found 
in  NASA  TP-2585 
[N86-27953/NSP], 
"Modified  Denavit- 
Hartenberg  Parame- 
ters for  Better  Loca- 
tion of  Joint  Axis  Sys- 
tems in  Robot  Arms ." 

Copies  may  be  pur- 
chased [A03]    from 
the  National  Technical 
Information    Service, 
Springfield,    Virginia 
22161,    Telephone 
No.  (703)  487-4650. 
Rush  orders  may  be 
placed  for  an  extra  fee 
by  calling  (800)  336- 
4700. 
LAR-13682/TN 
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A  Robot  Arm  With  Elbow  and  Shoulder 
Joints  was  used  as  a  mathematical  model 
to  test  the  modified  Denavit-Hartenberg 
parameters. 
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Seals  for  Cryogenic  Turbomachines 

An  analysis  considers  the 
effects  of  seals  on  stability. 


A  report  presents  a  method  of  calcula- 
tion of  flows  of  cryogenic  fluids  through 
shaft  seals.  The  calculations  agree  reason- 
ably well  with  experimental  data.  Although 
the  primary  function  of  a  seal  is  to  control 
leakage,  an  important  secondary  purpose 
is  to  provide  dynamic  stability;  a  seal  prop- 
erly designed  according  to  computational 
fluid  dynamics  and  experience  can  en- 
hance the  stability  of  a  turbomachine.  The 
calculations  take  this  secondary  purpose 
into  account. 

The  report  discusses  leakage  rates  and 
relations  between  pressure  profiles  and  di- 
rect stiffnesses  of  three  seal  configura- 
tions. It  relates  the  pressure  profiles  to 
postulated  zones  of  secondary  flow  or  sep- 
aration. 

The  injection  of  fluid  augments  direct 
stiffness,  the  report  notes.  Flow  choking 
can  occur  within  a  seal.  In  a  stepped  con- 


figuration, choking  diverts  the  flow  and 
causes  a  crossover  of  the  pressure  pro- 
files in  the  upstream  step  and  negative  stiff- 
ness locally,  but  the  flow  separates  within 
the  step  thereby  increasing  the  overall  di- 
rect stiffness.  A  similar  effect  occurs  in  a 
cylindrical  seal.  In  a  stepped  labyrinth  seal, 
carryover  diminishes  from  the  entrance 
and  creates  a  crossover  in  the  pressure 
profiles  in  each  of  the  three  steps.  The  local 
direct  stiffness  changes  from  positive  to 
negative. 

Pressure  measurements  taken  at  0° 
and  180°  along  the  axial  length  of  a  seal 
are  not  enough  to  define  maximum-to-mini- 
mum pressure  variations  and  zones  of  sec- 
ondary flow.  Instead,  measurements  must 
be  augmented  by  three-dimensional  com- 
putations and  intuition. 

The  key  to  stability  turns  out  to  be  the 
local  average  velocity  in  a  seal.  The  local 


average  velocity  is  strongly  influenced  by 
effects  of  the  inlet  and  outlet  and  the  injec- 
tion of  fluid.  Thus,  for  accuracy,  the  local 
variations  in  the  average  dynamic  coeffi- 
cients must  be  integrated  into  the  analysis. 

This  work  was  done  by  Robert  C. 
Hendricks  of  Lewis  Research  Center,  L. 
T.  Tarn  of  CHAM,  M.  J.  Braun  of  The  Univer- 
sity of  Akron,  andB.  L  Vlcek  of  Rensselaer 
Polytechnic  Institute.  Further  information 
may  be  found  in  NASA  TM-88919  [N87- 
15442/NSP],  [A02]  "Evaluation  of  Seals  for 
High-  Performance  Cryogenic 
Turbomachines. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
LEW-14556/TN 
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Self-Centering  Reciprocating-Permanent-Magnet  Machine 

The  coil  can  be  sized  for  the  required  efficiency  and  power. 


A  new  design  for  a  monocoil  reciprocat- 
ing-permanent-magnet  electric  machine 
provides  a  self-centering  force.  In  previous 
machines  of  this  type,  the  length  of  each 
repeatable  section  had  to  be  equal  to  the 
length  of  a  stroke.  This  limited  the  amount 
of  copper  that  could  be  used  for  winding  a 
coil,  the  only  way  to  increase  power  at  a 
given  plunger  diameter  was  to  use  multiple 
coils.  Further,  the  arrangement  of  magnets 
on  the  plunger  was  such  as  to  get  the 
plunger  locked  at  either  extreme  of  its 
travel,  because  in  these  positions,  the 
plunger  magnets  are  directly  under  cor- 
responding poles  on  the  stator.  Thus,  in  the 
absence  of  current  in  stator  coils,  there 
was  a  decentering  force  on  the  plunger, 
which  gave  rise  to  an  undesirable  nega- 
tive-spring effect  in  the  dynamics  of  the 
overall  reciprocating  system. 

In  the  new  design,  the  magnets  are  ar- 
ranged to  produce  a  centering  force.  The 


new  design  allows  the  use  of  only  one  coil 
of  arbitrary  axial  length.  Thus,  the  axial 
length  of  the  coil  can  be  chosen  to  provide 
the  required  efficiency  and  power  output. 

The  figure  shows  the  basic  features  of 
the  machine.  It  has  three  separate  parts: 
the  outer  stator,  the  movable  plunger  car- 
rying radially  magnetized  magnets,  and  the 
inner  stator.  The  inner  stator  has  the  shape 
of  a  cylindrical  sleeve.  The  outer  stator  is 
shaped  to  receive  a  doughnut-shaped 
coil.  Both  stators  are  radially  laminated  to 
prevent  the  induction  of  circumferential 
electric  currents.  They  are  made  of  high- 
permeability,  high-electrical-resistivity 
material  like  electrical  steel. 

The  moving  plunger  includes  four  cylin- 
drical rings  of  radially-polarized  permanent 
magnets  of  samarium  cobalt  or  other 
strongly  magnetic  material.  Because  the 
magnets  are  structurally  very  weak,  they 
are  held  in  the  ring  configuration  by  a 


lightweight,  structurally-strong  nonmag- 
netic material.  All  of  these  parts  are  con- 
centric to  each  other:  The  moving  plunger 
reciprocates  in  the  annular  space  between 
the  inner  and  outer  stators. 

The  left  side  of  the  figure  shows  the 
plunger  in  the  extreme  left  position  and  the 
corresponding  magnetic-flux  paths.  When 
the  plunger  is  moved  to  the  extreme  right, 
the  flux  paths  are  as  shown  at  the  right 
side  of  the  figure.  The  middle  of  the  figure 
shows  the  flux  paths  when  the  plunger  is  in 
the  middle  position.  At  this  position,  the  net 
flux  linking  the  coil  is  zero.  When  the 
plunger  is  reciprocated  sinusoidally  by  the 
engine,  the  flux  linking  the  coil  varies 
sinusoidally,  and  a  voltage  is  induced  in  the 
coil. 

This  work  was  done  by  Suresh  Bhate 
and  Nick  Vitale  of  Mechanical  Technology 
Inc.  for  Lewis  Research  Center  No  fur- 
ther documentation  is  available. 
LEW-14263/TN 
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Outer  Stator        ,  Magnetic-Flux  Path 
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PLUNGER  AT  EXTREME  LEFT  POSITION 


PLUNGER  AT  MIDDLE  POSITION 


PLUNGER  AT  EXTREME  RIGHT  POSITION 


The  Linear  Permanent-Magnet  Electrical  Motor  includes  an  outer  stator,  an  inner  stator,  and  a  permanent-magnet  plunger  that  oscillates  ax- 
ially  between  extreme  left  and  right  positions. 
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Separating  Images  for  Welding  Control 

Optics  in  the  torch  direct  views  of  the  weld  to  two  different  sensors. 


A  torch  for  automatic  gas/tungsten-arc 
welding  provides  separate  coaxial  views  of 
a  weld  to  two  sensors.  Each  sensor  can 
function  in  real  time  without  interfering  with 
the  other.  One  sensor  provides  information 
for  a  vision-guided  seam  tracker;  the  other 
feeds  data  to  an  optical  weld-contour  moni- 
tor for  control  of  penetration. 

The  torch  contains  a  Peam  splitter  at  an 
angle  of  45°  with  the  electrode  axis  (see 
figure).  The  Peam  splitter  reflects  wave- 
lengths below  550  nm  to  the  sensor  for 
seam  tracking.  It  transmits  wavelengths 
aPove  550  nm  to  the  sensor  for  weld-con- 
tour monitoring.  Filters  can  be  added  to  the 
split  Peam  paths  to  limit  further  the  spectra 
transmitted  to  the  sensors.  Moreover,  the 
Peam  splitter  and  the  filters  can  be  easily 
changed  to  suit  the  material  and  the  weld- 
ing parameters. 

The  torch  is  based  on  a  water-cooled 
copper  Plock.  Cooling  water  flows  through 
it  in  channels  only  0.050  in.  (1.3  mm)  from 
the  electrode,  allowing  the  electrode  to  Pe 
used  continuously  at  a  current  of  200  A 
without  rising  above  a  temperature  of 
100  °F  (38  °C).  A  single  arm  extends  from 
the  Plock  to  hold  the  electrode.  The  arm 
blocks  only  a  small  pari  of  the  coaxial  view 
of  the  weld,  not  in  an  area  of  interest  for 
welding  control.  If  the  Plockage  Py  the  arm 
should  be  objectionable  in  a  particular  ap- 
plication, it  can  Pe  overcome  by  adding  a 
lens  between  the  torch  and  the  beam-split- 
ter holder  to  "see"  around  the  electrode 
holder. 

This  work  was  done  by  Stephen  S. 
Gordon  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to 
MFS-29291/TN 


Inside  Rim 
of  Gas  Cup 


Unwelded 
Part  of  Joint 


Travel  of 
Welding  Torch 


VIEW  FROM  SIDE 


VIEW  FROM  REAR 


Light  Rays  From  the  Weld  are  transmitted  axially  through  a  beam  splitter  for  imaging  on  one 
sensor  and  are  reflected  to  the  side  by  the  beam  splitter  for  imaging  on  another  sensor. 


Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-4044 
Patent  Counsel: 
Darrell  G.  Brehke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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U.S,  Army  Fact  Sheet 


Effects  of  Alloy  Modifications  and  Variations  in  Heat 
Treatment  on  Hydrogen-Assisted-Stress-Cracking 
Susceptibility  of  ESR  4340  Steel 

Ballistically  resistant  steel  components  for  advanced  helicopters  can  be 
made  from  either  high-strength,  high-hardness  (53  HRC)  electroslag- 
remelted  (ESR)  steels  or  from  thicker,  lower  hardness  43  HRC  ESR 
steels  and  incur  a  weight  penalty.     Recurring  hydrogen-assisted-stress- 
cracking  problems  have  been  encountered  in  fracture-critical  members 
made  from  the  high-hardness  steels.     For  that  reason,  some  designers 
are  changing  such  parts  to  lower  hardness  steels  and  accepting  the 
weight  penalty.     These  weight  penalties  could  be  avoided  if  a  way  were 
found  to  improve  the  resistance  to  hydrogen-assisted  stress  cracking 
or  hydrogen  embrittlement  of  high-hardness  (53  -   1   HRC)  ESR  AISI 
4340  steel. 

Raymond  undertook  an  investigation  for  the  U.S.  Army  Materials 
Technology  Laboratory  with  the  objective  of  finding  an  alloy  modifica- 
tion or  method  of  heat  treatment  that  would  increase  significantly  the 
resistance  to  hydrogen  embrittlement  or  the  hydrogen-stress-cracking 
threshold  of  ESR  4340  steel  at  53  HRC  (or  280-10  ksi  ultimate  tensile 
strength).     Five  commercially  available  ESR  4340-type  steels  and 
modifications  were  investigated.    They  represented  two  basic  alloy 
modifications:     (1)  increased  silicon  contents  and  (2)  increased  amounts 
of  carbide-forming  elements.     The  silicon  additions  were  considered, 
because  their  general  effect  in  heat-treatable  steels  is  to  require  a 
higher  tempering  temperature  to  secure  a  given  hardness  in  a  given 
tempering  time,   thus  potentially  permitting  a  great  stress  relief. 
Increased  amounts  of  the  carbide-forming  elements  vanadium,  molyb- 
denum, and  chromium  were  investigated  because  they  enhance 
secondary  hardening.     A  matrix  of  five  materials  and  four  conditions 
of  heat  treatment  was  used  to  investigate  the  problem.     The  ESR  steels 
included  4340  (baseline),  4340  Mod.  (300  M),  and  the  relatively  new 
HP310  steel  to  investigate  the  effects  of  variation  in  silicon  content 
from  0.25  to  2.5  percent  (but  with  added  vanadium  in  the  latter  two 
steels  and  increased  molybdenum  in  HP310).     To  investigate  the 
addition  of  carbide-forming  elements,  4340V  (0.1   percent  vanadium) 
and  D6Ac  (increased  chromium  and  molybdenum,  decreased  nickel,  and 
0.1   percent  vanadium)  were  used.     Essential  features  of  the  composi- 
tions of  the  five  steels  are  shown  in  Table  1 .     Heat  treatments  included 
oil  quenching,   marquenching  (also  know  as  martempering),  conventional 
tempering,  and  a  subzero-cooling  treatment  for  2  hours  at  -110  F. 

Basic  Compositions  of  the  Five 
ESR  Steels  Investigated 


Content, 

weight  percent 

Steel  Type 

C 

Mn 

Si 

Cr 

Ni 

Mo 

V 

4340 

0.42 

0.71 

0.27 

1.00 

1.85 

0.20 

_ 

4340V 

0.39 

0.80 

0.24 

0.81 

1.93 

0.22 

0.07 

4340  Mod. 

0.40 

0.88 

1.56 

0.87 

1.96 

0.38 

0.09 

HP310 

0.43 

1.22 

2.50 

0.91 

2.20 

0.51 

0.27 

D6Ac 

0.45 

0.85 

0.26 

1.27 

0.78 

1.05 

0.12 
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Marquenching  was  investigated  as  a  means  of  reducing  the  residual 
stress.     The  subzero-cooling  treatment  was  included  because  the  delayed 
transformation  associated  with  marquenching  might  increase  the  amount 
of  retained  austenite  as  compared  with  oil  quenching;  the  subzero  treat- 
ment was  used  with  both  types  of  quench. 

Target  goals  were  established  in  terms  of  a  threshold-stress-intensity 
parameter,  Ki5CC  for  open-circuit  potential  conditions,  designated  Klhem 
for  cathodic  charging  under  stress  during  test. 

In  general,  all  alloy  modifications  examined  improved  Kjhem  somewhat.     The 
addition  of  0.1    percent  vanadium  appeared  to  be  the  most  significant 
individual  composition  modification  to  ESR  4340  steel  in  that  it  alone  pro- 
vided the  same  gains  in  Klhem  that  were  obtained  with  the  more  heavily 
alloyed  ESR  steels.     However,  the  results  must  be  qualified  somewhat, 
inasmuch  as  the  hardness  of  the  ESR  4340V  steel  was  only  50  HRC  instead 
of  the  intended  53  HRC.     A  silicon  addition  of  about   1.5  percent 
tended  to  maximize  the  benefits  from  alloy  modifications.     Within  an  alloy 
system  (silicon  system  or  carbide-forming-element  system),  the  effects  of 
variation  in  heat  treatment  on  Klhem  were  minor  or  secondary  to  the 
effects  of  alloy  modification.     However,  there  was  a  tendency  for 
marquenching  and  subzero  cooling  to  maximize  the  value  of  Kj^em.     No 
direct  correlation  between  the  tempering  temperature  and  Klhem  was 
established.     Overall,  Klhem  was  increased  from  10  ksi    \/ln.  for  ESR 
4340  steel  conventionally  oil  quenched  and  tempered,  to  a  maximum 
value  of  about  15  ksi    \/Vn.     The  author  concluded  that  further  improve- 
ments in  Klhem  must  be  based  on  nonconventional  approaches  to  thermal 
processing. 

Thomas  and  Hickey  of  MTL  determined  the  properties  of  quenched-and- 
tempered  ESR  4353  steel.     Longitudinal  and  transverse  tensile  properties, 
hardness,  room-temperature  Charpy  V-notch  impact-energy  absorption, 
fracture  toughness  (Kjq  and  W/A),  and  the  percentage  of  retained  austenite 
were  generated  for  ESR  4353  steel  as  a  function  of  tempering  temperature 
for  the  range  300  to  900  F.     The  results  were  compared  with  data  from  the 
technical  literature  for  similarly  treated  ESR  4340  steel. 

For  ESR  4353  steel,  the  hardness  decreases  from  61   to  44.5  HRC  as  the 
tempering  temperature  is  increased  from  300  to  900  F.     Correspondingly, 
fracture  toughness  (KlQ)  increases  from  23.4  to  89.7  ksi    J  in.     This  steel 
exhibits  room-temperature  Charpy  V-notch  energy-absorption  values  of 
12.4  ft-lb  for  400  and  450  F  tempers,  with  the  value  decreasing  to  9.2 
ft-lb  for  a  500  F  temper  as  a  result  of  tempered-martensite  embrittlement, 
then  increasing  with  increasing  temperature  to  18  ft-lb  fot  a  900  F  temper. 
The  percentage  of  retained  austenite  decreases  to  approximately  zero  as  the 
tempering  temperature  is  increased  to  500  F. 

For  a  given  tempering  temperature  within  the  300  to  900  F  range,  the  hard- 
ness of  ESR  4353  (tempered  for  3  hours)  is  greater  than  that  of  ESR  4340 
steel  (tempered  for  1   hour).     For  a  given  hardness  within  the  range  from  46 
to  57  HRC,  ESR  4340  steel  has  greater  or  equal  Charpy  V-notch  energy 
absorption,  KjQ,  and  W/A  than  ESR  4353  steel. 
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Growth  of  Short  Cracks  Under  Fatigue  Loads 


A  major  problem  with  the  use  of  crack  growth  relationships  in  damage 
tolerant  design  is  the  fact  that  short  cracks  grow  at  much  faster  rates, 
and  often  at  lower  stresses,  than  predicted  from  the  behavior  of  long 
cracks  of  the  size  typically  used  to  develop  relationships  between  crack 
growth  rates  and  stress  intensity.     An  interesting  examination  of  the 
behavior  of  short  cracks,  with  special  emphasis  on  their  behavior  at 
near-threshold  levels,   is  presented  in  a  report  from  the  University  of 
California,  Berkeley,  describing  work  conducted  under  an  Air  Force 
Office  of  Scientific  Research  grant.     Experimental  studies  of  several 
high  strength  aluminum  base  alloys,  including  2024,  2124,  7150,  and 
2090,  were  carried  out  during  the  course  of  that  investigation. 

It  was  shown  that  crack  growth  rates  of  short  cracks  were  appreciably 
higher  than  those  predicted  from  the  behavior  of  long  cracks  (those 
greater  than  about   10mm  in  length  and  that  one  of  the  primary  factors 
controlling  short  crack  growth  rate  was  the  shielding  of  the  crack  tip 
from  crack  closure  effects.     One  of  the  implications  of  these  studies 
was  that  short  crack  growth  might  be  inhibited  by  means  of  a  reduction 
in  grain  size;  other  studies  conducted  with  long  cracks  have  suggested 
that  small  grain  size  has  the  opposite  effect.     It  was  also  proposed 
that  textual  control  might  prove  advantageous  in  efforts  to  impede 
small  crack  growth. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A182949/NAC 

Price  code:     A09 
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Hot  Cracking  in  Ti-6211  Alloy 


The  Ti-6211  (Ti -6A1 - 2Cb- 1 Ta -0 . 8Mo ) ,  a  weldable  heavy  section  alloy, 
is  a  considerable  interest  for  use  in  advanced  naval  applications. 
Weldability  studies  of  this  alloy  have  suggested  that  welds  are 
subject  to  low  ductility  in  the  temperature  regime  between  1400  F 
and  1550  F  upon  cooling  fr  om  high  t  emp  eratures  (2850  to  3000  F). 
Studies  were  conducted  at  the  Lockhead  Palo  Alto  Research  Labor- 
atory, supported  by  the  Office  of  Naval  Research,  to  determine  the 
cause  of  this  phenomenon.   The  results  of  these  studies  were  sum- 
ma  rized  in  a  recent  report. 

Several  titanium  alloys  were  subjected  to  hot  ductility  tests 
designed  to  measure  susceptibility  to  ductility  loss  in  we  1  d  - 
me  n  t  s .   S  p  e  c  i  me  n  s  we  re  heated  to  approxi  ma  tely  3000  F,  then  tested 
to  failure  at  different  temperatures  upon  cooling.   Reduction  of 
area  measured  in  those  tests  is  shown  in  Figure  1.   These  tests 
confirmed  a  significant  ductility  loss  in  Ti-6211  alloy  within 
the  temperature  range  previously  reported.   It  was  also  observed 
that   other  alloys  exhibited  similar  ductility  losses,  but  that 
they  were  less  severe. 

Fractographic  examination  of  failed  specimens  indicated  that 
rupture  occurred  intergranularly  within  the  low  ductility  region; 
the  microscopic  fracture  mo de  appeared  to  be  pred om inately  micro- 
void  nucleation  and  growth  along  grain  boundaries.   Auger  electron 
spectroscopic  studies  of  the  fracture  surface  suggested  that  a 
high  concentration  of  sulfur  was  present,  0.47  atomic  percent. 
This  level  of  sulfur  was  300  times  that  present  in  the  bulk  alloy. 

The  presence  of  small  amounts  of  yttrium  in  the  alloy,  about  150 
ppm,  appeared  to  reduce  grain  boundary  emb  r i 1 1 1 emen t  resulting 
from  sulfur  segregation.   Apparently,  segregation  of  yttrium 
displaces  sulfur  in  grain  boundaries,  thereby  improving  hot 
ductility. 

FOR  ADDITIONAL  INFORMATION:   A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA   22161;  (703)  487-4600. 

NTIS  order  number:   AD-A184286 

Price  code:   A09 
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Navy  Organic  Coating  Systems  for  Aluminum 


The  Naval  Air  Development  Center  has  developed  a  flexible  primer 
for  aluminum  that  exceeds  the  performance  requirements  of  Mil-P- 
23377,  and  a  self-priming  topcoat  that  exceeds  the  performance 
requirements  of  Navy  aircraft  paint  systems  M1L-P-23377  epoxy 
primer  and  Mil-C-83286  polyurethane  topcoat.     The  latter  can  be 
applied  directly  to  base  aluminum.     It  consists  of  a  two  component 
aliphatic  polyurethane  binder  with  titanium  dioxide,  zinc  molybdate, 
zinc  phosphate,  an  organo-zinc  salt,  and  titanium  dioxide  vesiculated 
bead  pigments.     It  exhibits  good  adhesion,  corrosion  inhibition, 
flexibility  and  chemical  and  weather  resistance.     This  primer/topcoat 
system  provided  corrosion  protection  to  an  aluminum  substrate  for 
over  2000  hours  in  salt  spray  tests. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     ADA- 1821 32/NAC 

Price  code:     A03 
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Sputter-Deposited  Aluminum  Alloy  Coatings 


The  corrosion  behavior  of  sputter-deposited  aluminum-based  alloy  coatings 
is  being  investigated  by  Martin  Marietta  in  research  performed  for  the 
Office  of  Naval  Research.     Extensive  polarization  and  salt  spray  tests  were 
conducted  on  unalloyed  aluminum  and  on  Al-Mo  and  Al-Cr  coatings.     The 
solid  solution  alloy  coatings  contained  4  to  8.2  a/o  Mo  or  2.8  to  5.8  a/o 
Cr.     The  polarization  tests  (in  chloride  solutions)  revealed  more  noble 
pitting  potentials  for  Al-Mo  and  Al-Cr  than  for  unalloyed  Al  coatings  and 
greater  times  to  pit  initiation  for  the  Al-Mo  coatings.     However,  the 
Al-Cr  coatings  retained  much  of  their  metallic  luster  after  50  days  in 
the  ASTM  B- 117  salt  spray  test,  whereas  the  Al-Mo  specimens  showed 
extensive  attack.     The  pure  aluminum  coating  was  heavily  attacked  after 
one  day's  exposure  in  salt  spray.     The  superiority  of  the  Al-Cr  films 
was  attributed  to  the  chromium  forming  a  barrier  to  the  movement  of 
Al  into  the  corrosion  film  and  anions  from  the  film  to  the  substrate, 
thereby  protecting  the  film  from  hydration. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A187262/NAC 

Price  code:     A03 
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Annealing  Reduces  Free  Volumes  in  Thermoplastics 

Reductions  reach  asymptotic  values  after  several  annealing  cycles. 


High-temperature  thermoplastics  are 
excellent  candidates  for  use  in  aerospace 
applications.  Graphite-fiber  composites 
that  contain  thermoplastic  matrices  could 
have  wide  applicability.  However,  previous 
work  indicates  that  annealing  would  exert 
significant  effects  on  the  free  volumes  of 
thermoplastics.  As  a  result,  composites 
containing  thermoplastics  could  suffer  in- 
creasing internal  stresses  at  the  fiber/ma- 
trix interfaces  as  the  free  volumes  in  the 
matrices  change  due  to  variations  of  tem- 
perature during  service.  To  assess  the 
general  suitability  of  thermoplastics  for 
graphite/polymer  composites,  an  investi- 
gation was  conducted  to  determine  the 
free  volumes  and  the  water-absorption 
characteristics  of  two  types  of  thermoplas- 
tic polyimide  as  functions  of  their  annealing 
histories. 

The  thermoplastic  samples  were 
weighed  and  immersed  in  distilled  water  at 
90  °C.  They  were  reweighed  at  24-hour  in- 
tervals and  kept  immersed  until  their 


weights  stabilized.  The  samples  were  then 
transferred  to  a  vacuum  oven  at  100  °C 
and  weighed  every  24  hours  until  they  at- 
tained new  steady  weights.  The  difference 
between  the  two  stabilized  weights  for  a 
sample  equals  the  saturation  moisture 
content  of  the  sample.  For  a  noncrystalline 
sample,  the  saturation  moisture  content  is 
directly  proportional  to  its  free  volume. 

Next,  both  types  of  samples  were  an- 
nealed for  various  multiples  of  24  hours  at 
a  temperature  of  200  °C,  about  50 °C 
below  their  glass-transition  temperatures. 
Both  types  of  samples  exhibited  reduc- 
tions in  free  volume  following  the  anneal- 
ing cycles.  However,  the  free  volumes 
reached  asymptotic  values  after  about 
four  cycles.  Finally,  the  samples  were  ex- 
amined by  x-ray  diffraction  to  detect  any 
changes  that  annealing  may  have  pro- 
duced in  their  levels  of  crystallinity.  At  a 
confidence  level  of  95  percent,  no  measur- 
able changes  in  crystallinity  were  ob- 
served in  any  of  the  samples. 


Because  preanneal  and  postanneal 
x-ray-diffraction  studies  did  not  reveal  any 
changes  in  the  degree  of  crystallinity,  it  ap- 
pears that  any  changes  in  the  saturation- 
moisture  weights  are  related  to  changes  in 
the  amorphous  regions,  where  the  primary 
absorption  of  water  occurs.  These  regions, 
besides  being  generally  disordered,  also 
contain  free  volumes  that  may  change  as  a 
result  of  annealing.  The  conclusion  is  that 
any  changes  in  the  saturation-moisture 
contents  of  the  samples  are  directly  pro- 
portional to  changes  in  the  free  volumes  in 
them.  These  results  indicate  that  the  an- 
nealing of  thermoplastics  reduces  their 
free  volumes  but  that  the  free  volumes 
reach  asymptotic  levels  beyond  which  no 
further  reductions  are  observed. 

This  work  was  done  by  Jag  J.  Singh  and 
Terry  L  St.  Clair  of  Langley  Research 
Center.  No  further  documentation  is  avail- 
able.    LAR-13664/TN 
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Computational  Methods  for 
Composite  Structures 

Computer  codes  simulate  a 
variety  of  effects  in 
fiber/matrix  composites. 

Selected  methods  of  computation  for 
the  simulation  of  the  mechanical  behavior 
of  fiber/matrix  composite  materials  are 
described  in  a  report.  The  methods  en- 
compass mechanics,  impact,  progressive 
fracture,  and  specific  structural  com- 
ponents. The  methods  demonstrate  the  ef- 
fectiveness of  computational  simulation  as 
applied  to  complex  composite  structures 
in  general  and  aerospace-propulsion 
structural  components  in  particular. 

For  each  method,  the  report  describes 
the  significance  of  the  behavior  to  be 
simulated,  the  procedure  for  simulation, 
and  representative  results.  The  following 
applications  are  discussed: 


•  Effects  of  progressive  degradation  of  in- 
terply  layers  on  the  responses  of  compos- 
ite structures, 

•  Dynamic  responses  of  notched  and  un- 
notched  specimens, 

•  Interlaminar  fracture  toughness, 

•  Progressive  fracture, 

•  Thermal  distortions  of  sandwich  compos- 
ite structures,  and 

•  Metal-matrix  composite  structures  for  use 
at  high  temperatures. 

By  virtue  of  their  complexity,  the  meth- 
ods are  computationally  intensive.  By  ne- 
cessity, they  are  in  the  form  of  independent 
computer  codes  or  are  embedded  as  mod- 


ules in  more  general  codes  for  the  analysis 
of  structures. 

This  work  was  done  by  Christos  C. 
Chamis  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-88965  [N87-18614/NSP],  '•Computa- 
tional Composite  Mechanics  for  Aero- 
space Propulsion  Structures." 

Copies  may  be  purchased  [Price  Code: 
[A02Jfrom  the  National  Technical  Infor- 
mation Service,  Springfield,  Virginia  22161, 
Telephone  No.  (703)  487-4650.  Rush 
orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700. 
LEW-14640/TN 
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Developing  Crystallinity  in  Linear  Aromatic  Polyimides 

A  new  technique  improves  the  melt  flow  of  polyimide. 


Linear  aromatic  polyimides  are  well 
known  to  have  exceptional  thermal  and 
oxidative  stabilities.  However,  they  are 
very  difficult  to  process  into  useful  forms 
because  of  their  poor  softening  and  flow 
properties.  Most  of  these  polymers  have  to 
be  processed  at  temperatures  approach- 
ing 400  °C  and  at  pressures  of  500  to 
10,000  psi  (3.4  to  69  MPa).  At  these  high 
temperatures  and  pressures,  finely-divided 
polymer  particles  sinter. 

To  be  useful  for  various  applications, 
these  polymers  must  flow  at  low  tempera- 
tures and  pressures.  Accordingly,  a  proc- 
ess has  been  developed  to  make  linear 
aromatic  polyimides  that  exhibit  a  form  of 
metastable  crystallinity  resulting  in  en- 
hanced melt-flow  behavior  that  makes 
these  materials  attractive  as  adhesives, 


molding  powders,  and  matrix  resins  for 
many  potential  applications. 

Previously,  polyimides  were  prepared 
from  polyamide  acids  by  chemically  dehy- 
drating the  latter.  In  the  methods  that  were 
employed,  some  loss  in  molecular  weight 
generally  occured. 

The  new  process  uses  chemical  imidi- 
zation  or  cyclodehydration  techniques  that 
do  not  cause  a  significant  decrease  in 
molecular  weight.  The  process  involves 
the  dissolution  of  the  polyamide  acid  in  an 
amide  solvent  or  a  mixture  of  an  ether  and 
an  amide  solvent  at  a  low  percentage  of 
solids  followed  by  the  treatment  of  this 
solution  with  an  aprotic  organic  base,  such 
as  triethylamine  or  pyridine,  for  a  period  of 
time  prior  to  treatment  with  an  organic  de- 
hydrating agent.  The  latter  treatment  facili- 


tates the  formation  of  the  polyimide. 

This  process  should  prove  useful  for  the 
production  of  polyimide  molding  materials. 
It  is  expected  to  have  widespread  applica- 
tion in  the  preparation  of  easily  processed 
adhesives,  molding  powders,  and  matrix 
resins. 

This  work  was  done  by  Terry  L.  St.  Clair 
of  Langley  Research  Center. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center 
Refer  to  LAR-13732/TN 
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Improved  "Green"  Forming  of  Silicon  Nitride 

Advanced  processing  techniques  reduce  the  incidence  of  critical  flaws. 


Silicon  nitride  (SigN^  is  being  consid- 
ered for  many  applications  ranging  from 
components  of  turbine  engines  to  industri- 
al heat  exchangers.  More  widespread  ap- 
plication has  been  hindered  by  the  inability 
to  make  parts  with  reproducible  properties. 
One  reason  for  this  is  the  uncontrolled  in- 
troduction of  fracture-initiating  flawsduring 
processing. 

The  critical  flaws  include  pores  caused 
by  volatilization  of  organic  contaminants, 
agglomerates  that  originate  in  the  starting 
powders,  and  inclusions  or  metallic  con- 
tamination introduced  during  various  proc- 
essing steps.  The  incidence  of  critical 
flaws  induced  by  processing  can  be  re- 
duced by  the  processing  of  powders  to 
avoid  organic  and  metallic  contamination 
and  the  combination  of  colloidal  tech- 
niques with  an  innovative  slurry-pressing 
technique  that  avoids  agglomeration. 


Advanced  processing  techniques  like 
these  were  used  with  two  different  highly- 
pure  Si3N4  powders.  Both  powders  were 
combined  with  sintering  additives  to  give 
a  final  composition  of  87.8  weight  percent 
of  Si3N4,  6.4  weight  percent  of  Y203,  and 
5.8  weight  percent  of  Si02.  The  results 
with  both  powders  indicate  that  slurry 
pressing  of  "green"  (unheated)  specimens 
improves  the  average  flexural  strength  of 
the  sintered  Si3N4  by  10  to  15  percent 
when  compared  with  a  conventional  dry- 
pressing  procedure. 

This  improvement  is  attributed  to  the 
reduced  sizes  and  volumes  of  pores  and 
the  elimination  of  metallic  inclusions.  The 
evaluation  of  the  mixing  containers  in- 
dicated that  reduced  contact  with  plastic 
during  processing  resulted  in  a  reduction  in 
the  number  of  critical  flaws  attributed  to 
lenticular  pores.  Such  flaws  are  thought  to 


result  from  volatilization  of  plastic  slivers 
during  sintering. 

It  was  shown  that  slurry  pressing  at  a 
loading  of  20  volume  percent  of  solids  is 
better  than  pressing  at  30  volume  percent 
of  solids.  The  decreased  sizes  and  vol- 
umes of  pores  in  the  material  that  con- 
tained 20  volume  percent  of  solids  may  in- 
dicate that  lower  viscosity  aids  in  the 
removal  of  voids  during  pressing.  It  was 
also  found  to  be  beneficial  to  mill  the  Y203 
additive  at  least  to  the  sizes  of  the  particles 
of  the  starting  Si3N4  powder  before  mixing 
the  two  powders  together. 

This  work  was  done  by  Marc  R. 
Freedman,  William  A.  Sanders,  and  James 
D.  Kiser  of  Lewis  Research  Center. 
"Slurry  Pressing  of  Silicon  Nitride"  and 
"The  Effect  of  Powder  Processing  on  the 
Properties  of  Slurry  Pressed  Sintered 
Silicon  Nitride,"  LEW-14680/TN 
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New  Test  For  Flamrnability  of  Drapery  Material 


Curtains  and  drapes  can  act  as  a  potential  "fuse,"  causing  a  small  fire  to 
grow  rapidly  into  one  encompassing  an  entire  room.     In  research  being 
funded  by  the  American  Textile  Manufacturers  Institute  and  the  Manmade 
Fiber  Producers  Association,  the  NIST  Center  for  Fire  Research  is 
developing  a     new  voluntary  test  method  to  help  manufacturers  determine 
flamrnability  for  drapery  material.     A  test  method  currently  in  use  helps 
screen  possibly  hazardous  single-layer  fabrics.     However,  some  lined  or 
layered  drapes,  whose  individual  components  perform  well  in  flamrnability 
tests,  burn  readily  when  the  fabrics  are  paired.     The  Center  will  revise 
the  current  test  method  to  account  for  the  phenomenon  or  develop  a  new 
test  method. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Ms.  Kay  Villa,  Polymers  Building,  Room  A357,  National  Institute 
of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)  975-6690. 
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0139  Liposomes  Provide  New  Method  for  Drug  Delivery 
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Lawrence  Berkeley  Laboratory 


Liposomes  Provide  New  Method  for  Drug  Delivery 


Imagine  waking  after  surgery  to  learn  you  have  already  been  injected 
with  all  the  drugs  you  will  need  during  recovery:     to  release  a  dose  into 
your  bloodstream,  you  need  simply  hold  a  magnet  or  microwave  wand 
over  a  particular  point  on  an  arm  or  leg. 

Based  on  animal  experiments,  this  approach  to  drug  delivery  appears 
promising,  says  Robert  Liburdy  of  Lawrence  Berkeley  Laboratory,  who 
has  been  studying  the  packaging  of  therapeutic  drugs  in  liposomes  -- 
microscopic,   membrane-bound  vesicles  made  in  the  laboratory. 

Liburdy,  a  scientist  in  LBL's  Research  Medicine  and  Radiation  Biophysics 
Division,  has  shown  that  liposomes  injected  into  muscle  tissue  in  rats 
will  release  antibiotics  such  as  gentamicin  in  response  to  an  oscillating 
electromagnetic  field  in  the  microwave  or  radio-frequency  range,  and 
that  liposomes  in  a  test  tube  will  release  drugs  in  response  to  either 
a  magnetic  or  electromagnetic  field. 

In  human  patients,  a  liposome  "depot"  could  be  injected  into  either 
muscle  or  fat.     Because  liposomes  can  be  made  of  natural  or  well- 
tolerated  synthetic  substances  that  are  not  rejected  by  the  body,  the 
depot  would  remain,  with  very  little  breakdown,   until  the  drug  was 
needed.     Then,  to  release  the  drug,  the  patient  would  hold  a  magnet  or 
an  electromagnetic  field  applicator  over  the  depot. 


Inner  aqueous 
compartment 


Phospholipid  molecules 

6 


Liposome 
vesicle 


Bilayer  membrane 


Phosphorous 
containing  "head' 


Hydrocarbon 
"tail" 


XBL  886-9692 

This  cross-sectional  view  of  a  liposome  vesicle  shows  how  a  drug 
dissolved  in  water  can  be  trapped  inside  a  bilayer  membrane  formed  by 
two  layers  of  phospholipid  molecules.     The  phosphorous-containing 
"head"  of  the  molecule  has  an  affinity  for  water,  whereas  the  hydrocarbon 
"tails"  prefer  to  associate  with  each  other. 


139 


"Magnetic  or  electromagnetic-field  application  is  noninvasive,  painless, 
and  quick,"  says  Liburdy.     "The  technique  could  prove  useful  for  any 
drug  that  needs  to  be  present  only  at  certain  times  of  day." 

There  are  many  possible  uses  for  Liburdy's  techniques.     For  example,  * 

people  who  regularly  require  a  drug  that  must  be  injected,  but  cringe 

at  the  idea  of  self-injection,  could  have  multiple  injections  at  the 

doctor's  office,  then  use  their  handy  field  applicators  or  magnets  to 

release  the  drug  as  needed  at  home.     In  other  cases,  a  drug  that  must 

be  administered  by  a  medical  professional  could  be  injected  at  the 

patient's  or  doctor's  convenience,  then  released  when  actually  needed. 

FOR  ADDITIONAL  INFORMATION:     contact  Public  Information  Department, 
Lawrence  Berkeley  Laboratory,    1    Cyclotron  Road,  Berkeley,  CA  94720; 
(415)  486-5771. 
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Bioprocess  Engineering  Video  Released 


Bioprocess  engineering,  the  use  of  engineering  principles  and  know-how  for 
commercial  scale  production  of  new  biological  products,  is  the  subject  of  a 
new  5-minute  videotape,  "Building  Blocks  for  Bioprocessing."     Highlighting 
programs  in  the  bureau's  Center  for  Chemical  Engineering,  the  video 
describes  ongoing  research  to  develop  measurement  methods  and  reference 
data  for  use  by  the  bioprocessing  industry.     This  growing  commercial  sector, 
forecast  to  generate  biotechnology  products  worldwide  worth  as  much  as 
$69  billion  by  the  year  2000,  seeks  improved  ways  to  produce  drugs,  alter- 
native fuel  sources,  and  other  commodities.     Portrayed  is  the  Center's  work 
on  laser-induced  fluorescence,  thin-film  sensors,  and  separation  techniques 
for  complex  molecules.     Also  available  is  a  two-page  fact  sheet  describing 
the  bioprocess  engineering  research  at  the  bureau's  facilities  in  Gaithersburg, 
Md.,  and  Boulder,  Colo. 

FOR  ADDITIONAL  INFORMATION:    To  discuss  these  efforts  further,  contact 
Dr.  Richard  Kayser,  Physics  Building,  Room  B256,  National  Institute  of 
Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)  975-2627. 
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Three-Dimensional  Ultrasonic  Imaging  of  the  Cornea 

A  proposed  technique  would  generate  pictures  of  curved  surfaces. 


A  concept  for  creating  three-dimension- 
al ultrasonic  images  would  give  images  of 
such  small  curved  objects  as  the  cornea 
for  medical  diagnoses.  The  concept  is 
adaptable  to  other  types  of  reflection 
measurement  systems  as  well  —  sonar 
and  radar,  for  example. 

The  usual  ultrasonic  scanning  along  per- 
pendicular x  and  y  axes  can  be  supple- 
mented by  gating  the  receiver  to  obtain  in- 
formation about  small  variations  in  depth 
(see  figure);  i.e.,  the  receiver  is  held  on  for  a 
brief  "window"  period  for  each  reflected 
sound  pulse.  The  window  extends  from 
slightly  before  to  slightly  after  the  expected 
time  of  return  of  a  transmitted  sound  pulse. 
Variations  in  the  elapsed  time  between 
transmission  and  reception  correspond  to 
variations  in  range  of  the  target  surface. 
These  variations  can  be  converted  by 
time-delay  spectrometry  to  depth  varia- 
tions over  the  cornea. 

The  depth  variations  can  be  displayed  in 
any  of  several  ways: 

•  As  shades  of  gray  on  a  video  screen; 

•  As  changing  colors  on  a  color  screen;  or 

•  As  a  stereoscopic  image.  For  this  presen- 
tation, two  ultrasonic  transmitter/receivers 
would  be  positioned  to  represent  the  left 
and  right  eyes.  Their  separate  displays 


Object 


An  Object  Is  Ultrasonically  Scanned  in  a 

raster  pattern  generated  by  a  scanning 
transmitter/receiver.  Meanwhile,  the  receiv- 
er is  turned  on  at  frequent  intervals  to 
measure  depth  variations  of  the  scanned 
object. 


could  be  viewed  through  polarizers  simul- 
taneously so  that  the  observer  would  ex- 
perience visual  sensations  of  depth  varia- 
tion. 

This  work  was  done  by  Richard  C. 
Heyser  and  James  A.  Rooney  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

1207  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-16570. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer.  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(318)354-4849 
Patent  Counsel: 
Paul  F  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Testing  &  Instrumentation 

0143  Simplified  Microwave  Radiometer — The  cost,  weight,  and  size  would  be  less 
than  half  of  those  of  conventional  radiometers. 

Other  Items  of  Interest 

0078     System  Turns  SAR  Images  Into  Maps — Manual  registration  with  known  geo- 
graphical features  is  unnecessary. 

0087     Optical  Image  Subtraction — Progress  of  a  recent  decade  is  reviewed. 
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$h:  NOAA  Technology  Brief 


National  Oceanic  and  Atmospheric  Administration         '*•**%*** 

Office  of  Oceanic  and  Atmospheric  Research/Environmental  Research'" 

Laboratories 
Program  for  Regional  Observing  and  Forecasting  Services 

Regional  Objective  Analysis  and  Short-Range 
Numerical  Forecasting  System 

A  regional  objective  analysis  and  short-range  numerical  forecasting 
system  is  under  development  in  NOAA.  Called  the  Mesoscale  Analysis  and 
Prediction  System  (MAPS) ,  it  will  assimilate  a  wide  variety  of  meteorological 
observations  from  the  surface  of  the  earth  to  roughly  15  km  altitude  into  a 
coherent  description  of  atmospheric  conditions  and  produce  from  these 
descriptions  computationally  efficient  short-range  forecasts.  MAPS  will  help 
understand  current  weather  and  predict  changes  over  the  next  12  hours.   It  is 
being  designed  as  a  prototype  for  an  operational  system  that  is  expected  to 
be  used  by  the  National  Weather  Service  in  the  1990' s. 

MAPS  uses  observations  from  rawinsondes;  ground-based  profilers,  both 
active  (measuring  wind)  and  passive  (measuring  temperature  and  moisture); 
satellite  VISSR  Atmospheric  Soundings  (VAS) ;  aircraft;  and  surface  stations. 
Observations  undergo  gross  error  checks  and,  in  the  case  of  soundings, 
vertical  quality  control  checks.  These  checks  are  applied  to  raw  sounding 
data  at  the  time  of  ingest.  Tests  for  unreasonable  lapse  rates  and  wind 
shears  are  performed.  A  hydrostatic  check  is  also  applied  that  uses  a 
comparison  of  heights  and  temperatures  at  different  levels  to  decide  which 
variable  is  in  error  if  an  inconsistency  is  found.  Flags  are  set  for  any 
error.   If  corrections  are  made,  this  information  is  also  included  in  the 
quality  control  field. 

The  horizontal  quality  control  procedures  consist  of  an  objective 
analysis  using  univariate  optimal  interpolation  at  each  observation  point. 
The  search  for  reports  to  be  used  in  the  analysis  at  a  particular  point  is 
accomplished  with  a  system  of  pointers. 

A  workstation  system  allows  a  user  to  review  and  edit  observations  and 
their  flags  after  objective  quality  control  routines  have  been  run.  The  use 
of  this  system  is  optional  in  a  given  analysis/ forecast  cycle.  If  the  user 
does  not  have  time  to  review  questionable  and  erroneous  reports,  the 
objective  analysis  is  performed  using  flags  set  by  objective  quality  control. 

The  objective  analysis  scheme  employed  for  MAPS  is  optimal  inter- 
polation, multivariate  in  heights  and  winds,  and  univariate  in  moisture.  The 
scheme  operates  on  isentropes — surfaces  of  constant  potential  temperature — 
because  spatial  coherence  of  atmospheric  features  is  maximized  on  these 
surfaces.   In  addition,  isentropes  provide  increased  vertical  resolution 
where  it  is  most  needed — in  the  vicinity  of  fronts. 
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The  first  guess  fields  which  initiate  the  data  assimilation  cycle  are 
obtained  from  a  twelve-hour  forecast  by  the  National  Meteorological  Center's 
(NMC's)  Nested  Grid  Model  (NGM) .  Subsequently,  the  MAPS  prediction  model 
provides  the  first  guess  fields  every  three  hours,  and  the  cycle  is 
independent  of  NMC  models  except  for  the  time-dependent  lateral  boundary 
conditions  from  the  NGM. 

The  MAPS  prediction  model  is  an  isentropic  primitive  equation  model 
originally  developed  at  the  University  of  Miami  by  Rainer  Bleck.   It  has 
twelve  vertical  layers  and  a  horizontal  grid  resolution  of  111  km,  which 
exactly  matches  the  analysis  grid.  Horizontal  and  vertical  resolution  will 
soon  be  increased.  The  model  currently  lacks  physical  parameter izat ions, 
and  thus  can  generate  a  twelve-hour  forecast  in  about  40  minutes  on  a  VAX 
computer  capable  of  about  six  million  instructions  per  second. 

Scientists  working  on  MAPS  hope  to  have  a  three-hour  assimilation  cycle 
running  on  NMC's  computers  by  1990,  with  dissemination  of  analyzed  fields  to 
National  Weather  Service  Offices  scheduled  for  1991. 

Additional  information  on  the  system  is  available  from  NCAA  ORTA, 
Suitland  Professional  Center  (SPC) ,  Room  307,  Suitland,  Maryland  20233. 
Telephone:   (301)  763-4240. 
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Simplified  Microwave  Radiometer 

The  cost,  weight,  and  size  would  be  less  than  half  of  those  of  conventional  radiometers. 


A  proposed  ground-based  instrument 
would  measure  temperatures  in  the  upper 
atmosphere  while  correcting  for  the  liquid 
water  in  clouds.  Its  weight,  size,  and  cost 
would  be  less  than  half  of  those  of  conven- 
tional radiometers  used  for  the  purpose. 
The  instrument  would  be  light,  compact, 
and  portable  and  may  be  inexpensive 
enough  for  use  in  sensor  arrays.  Its  availa- 
bility would  encourage  the  use  of  micro- 
wave radiometry  for  routine  weather  fore- 
casting. 

A  conventional  microwave  radiometer 
contains  a  water-vapor  radiometer  subsys- 
tem operating  at  21  GHz  and  31  GHz  in  ad- 
dition to  the  main  temperature-sensing 
system  operating  at  53  to  58  GHz.  The  sole 
purpose  of  the  water-vapor  subsystem  is  to 
correct  for  the  effect  of  clouds  on  observa- 
tions; yet  it  accounts  for  about  half  the  total 
size,  weight,  and  cost.  In  the  proposed  in- 
strument, a  different  microwave  chan- 
nel —  one  at  51  GHz  —  would  be  used  to 
correct  for  the  effects  of  clouds.  This  chan- 
nel is  close  enough  in  frequency  to  be  in- 
cluded in  the  main  system  with  minimal  in- 
crease in  size,  weight,  and  cost. 

Although  a  conventional,  separate 
water-vapor  radiometer  measures  water 
content  more  accurately,  the  difference  in 
the  quality  of  temperature  profiles  between 
the  conventional  and  proposed  systems  is 
hardly  noticeable.  For  example,  a  comput- 
er simulation  showed  that  the  derived  air 
temperature  at  an  altitude  of  10,000  ft 
(3  km)  was  1.97  °C  for  a  conventional  sys- 
tem equipped  with  a  separate  radiometer 
and  1.96  °C  for  a  system  equipped  with  a 
51 -GHz  channel.  Simulations  for  a  variety 
of  sites  showed  that  the  51  -GHz  channel  is 
comparable  to  the  separate  radiometer  in 
correcting  for  the  effects  of  clouds. 

The  51 -GHz  channel  can  be  added  sim- 
ply by  including  a  51  -GHz  local  oscillator  to 
the  group  of  local  oscillators  required  for 
temperature  profiling.  The  local  oscillators 
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SIMPLIFIED  SYSTEM 


The  Addition  of  a  Channei  at  51  GHz  to  the  channels  used  for  making  upper-atmosphere 
temperature  profiles  adds  little  to  the  cost  of  a  microwave  radiometer.  However,  the  added 
channel  eliminates  the  need  for  a  separate  water-vapor  radiometer  subsystem,  with  its  at- 
tendant size,  weight,  and  cost. 


can  be  multiplexed  with  a  single  wideband 
mixer  (see  figure). 

This  work  was  done  by  Bruce  L  Gary  of 


Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory 

NPO-17101/TN 


FOR  ADDITIONAL  INFORMATION:  Confacf:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Gallium  Triple  Point  to  Serve  as  Fixed  Point 


The  present  scale  (International  Practical  Temperature  Scale  (IPTS-68)) 
used  to  calibrate  all  thermometers  will  be  replaced  in   1  990    with  a  new 
scale  which  better  approximates    the  thermodynamic  temperature  T. 
Preparing  for  this  change,  standards  laboratories  around  the  world  are 
determining  the  thermodynamic  temperatures  of  highly  reproducible 
fixed  points  such  as  gallium's  triple  point  (Tq),  where  the  solid,  liquid, 
and  vapor  phases  are  in  equilibrium.     Based  on  work  at  NBS,  T„  has  now 
been  proposed  as  a  defining  fixed  point  in  future  temperature  scales. 
NBS  researchers  determined  Tg  (302.9169  +/-  0.0005  K;  about  85.6 
degrees  F)  by  making  exceedingly  accurate  measurements  of  the  speed 
of  sound  in  argon.     In  making  their  measurement,  the  researchers 
exploited  an  instrument  used  to  redetermine  the  universal  gas  constant 
(R).     Their  new  acoustic  techniques  are  simpler  and  more  accurate   than 
other  techniques  for  measuring  the  thermodynamic  temperature. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Dr.  Michael  Moldover,  Physics  Building,  Room  A105,  National 
Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)  975- 
2459. 
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Calculating  Shocks  in 
Flows  at  Chemical 
Equilibrium 

Boundary  conditions  prove 
to  be  critical. 

A  conference  paper  describes  an  algori- 
thm for  the  calculation  of  shocks  in  hyper- 
sonic flows  of  gases  at  chemical  equilibri- 
um. Although  the  algorithm  represents  an 
intermediate  stage  in  the  development  of  a 
reliable,  accurate  computer  code  for  two- 
dimensional  flow,  the  research  leading  up 
to  it  has  contributed  to  an  understanding  of 
what  is  needed  to  complete  the  task. 

The  derivation  begins  with  the  equations 
for  the  conservation  of  mass,  momentum, 
and  total-energy  in  a  two-dimensional, 
planar  or  axisymmetric,  inviscid  flow  of 
gas.  Either  of  two  methods  is  used  to  in- 
clude real-gas  effects  in  the  equation  of 
state. 

In  the  first  method,  all  of  the  coupling  be- 
tween the  equations  for  the  gas-dynamic 
and  those  for  chemical  effects  is  accom- 
plished through  the  ratio,  p,  between  the 
static  enthalpy  density  and  the  static  ener- 
gy density.  For  a  perfect  gas,  ft  equals  y ,  the 
ratio  of  specific  heat  at  constant  pressure 
to  specific  heat  at  constant  volume;  for  a 
real  gas,  p  is  obtained  from  a  separate 
chemistry  algorithm  or  a  table  lookup.  In 
the  equation  of  state,  the  pressure  is  ex- 
pressed as  the  product  of  /J-1  with  the  dif- 
ference between  the  total-  and  kinetic- 
energy  densities. 

In  the  second  method,  the  pressure  is 
found  from  the  product  of  the  density  and 


temperature  according  to  the  ideal-gas 
law.  For  this  purpose,  the  temperature  is 
determined  from  an  alternate  form  of  the 
equation  for  the  energy  density  that  in- 
cludes terms  representing  the  specific 
heat  at  constant  volume  and  the  total,  kine- 
tic, and  chemical-reaction  energies.  This 
method  is  mathematically  more  rigorous 
than  the  first  method. 

The  equations  are  solved  by  use  of  a 
total-variation-diminishing,  implicit,  finite- 
difference  algorithm  with  upwind  differenc- 
ing and  with  dissipation  that  suppresses 
spurious  numerical  oscillations,  thereby 
enabling  the  capture  of  strong  shocks.  The 
scheme  was  applied  to  flows  of  an  ideal 
gas  and  a  mixture  of  N2,  N,  02, 0,  and  NO 
at  mach  15  over  a  hemisphere,  alternately 
using  the  two  methods  for  the  equation  of 
state. 

The  solutions  for  the  ideal  gas  were 
stable  at  all  mach  numbers  investigated, 
up  to  mach  20.  The  real-gas  equilibrium- 
chemistry  solutions  are  more  strongly  de- 
pendent on  the  computational  grid  than 
are  those  for  the  ideal  gas:  slight  modifica- 
tions in  the  grid  could  make  the  algorithm 
stable  or  unstable.  The  first  method  for  the 
equation  of  state  proved  superior  in  the 
sense  that  solutions  converged,  albeit  to 
slightly  inaccurate  values.  The  second 
method  did  not  yield  stable  solutions.  Both 


methods  suffered  from  improper  real-gas 
boundary  conditions;  as  a  result,  detailed 
analyses  of  numerical  boundary  schemes 
for  real  gases  will  be  an  important  topic  for 
future  research. 

This  work  was  done  by  Scott  Eberhardt 
and  Grant  Palmer  of  Ames  Research 
Center.  Further  information  may  be  found 
in  AIM  Paper  No.  86-1284,  "A  Two-Dimen- 
sional, TVD  Numerical  Scheme  for  In- 
viscid,  High  Mach  Number  Flows  in 
Chemical  Equilibrium." 

Copies  may  be  purchased  from  AIAA 
Technical  Information  Service  Library, 
555  West  57th  Street,  New  York,  New  York 
10019,  Telephone  No.  (212)  247-6500. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center    Refer  to 
ARC-11741/TN 


Ames    Research    Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Temperature  Fluctuations  During  Crystal  Growth 

Fluctuations  of  heat  flow  during  Bridgman  crystal  growth  are  correlated  with  structural  features. 


A  technique  has  been  developed  to  de- 
convolve the  period  and  relative  amplitude 
of  fluctuations  of  heat  flow  in  Bridgman 
crystal  growth.  A  temperature-measuring 
device  with  enough  sensitivity  and  fre- 
quency response  to  make  the  desired 
measurements  is  inserted  as  close  as  pos- 
sible to  the  substance  that  is  to  be  moni- 
tored. The  time-dependent  temperature 
response  is  recorded,  and  then  the  time- 
domain  response  is  converted  to  the  fre- 
quency domain  for  further  analysis.  A  fast 
Fourier  transform  (FFT)  of  the  data  on 
temperature  oscillations  shows  particular 
behavior  at  some  specific  frequencies  that 
corresponds  with  the  striations,  or  defects, 
observed  on  the  crystal. 

In  experiments,  the  temperature  data 
were  taken  with  a  type  K  thermocouple. 
The  thermocouple  wires  were  4  mils  (0.1 
millimeter)  in  diameter  and  provided  high 
sensitivity  for  both  temperature  and  fre- 
quency response.  By  the  use  of  a  comput- 
er-controlled waveform  analyzer,  the  ana- 
log data  were  converted  to  digital  data  for 
temporary  storage  before  conversion  into 
FFT's.  The  original  and  transformed  sets  of 
data  could  then  be  stored  on  a  computer 
disk  for  later  use.  A  thermocouple  meter 
with  analog  output  was  used  as  the  inter- 
face between  the  thermocouple  and  the 
waveform  analyzer.  The  meter  had  a  3-Hz 
response,  which  was  more  than  an  order 
of  magnitude  faster  than  the  highest  fre- 
quency measured.  The  resulting  FFT  of 
typical  data  is  shown  in  the  figure. 

The  portion  of  the  spectrum  near  zero 
frequency  represents  the  steady  decrease 
of  temperature  caused  by  the  movement 
of  the  ampoule  through  the  furnace.  For 
this  particular  case,  the  interesting  data 
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Fast  Fourier  Transforms  of  Temperature  Signals  indicate  the  spatial  frequencies  of  stria- 
tions that  have  been  found  in  grown  crystals. 


are  at  10  mHz,  25  mHz,  and  47  mHz.  Stria- 
tions were  found  in  the  crystal  at  spatial  in- 
tervals that  correspond  to  the  movement 
of  the  ampoule  during  intervals  equal  to  the 
reciprocals  of  these  frequencies. 

This  technique  appears  to  be  a  useful 
procedure  to  help  determine  the  sources 
of  some  growth-induced  crystalline  de- 
fects. The  investigation  of  other  processes 
that  may  be  sensitive  to  small  temperature 
fluctuations,  such  as  diffusion,  precipita- 
tion, and  corrosion,  may  also  benefit  from 
this  technique. 

This  work  was  done  by  Archibald  L 
Fripp,  Jr.,  Ivan  O.  Clark,  and  William  J. 
Debnam,  Jr.,  of  Langley  Research  Cen- 
ter; Patrick  G.  Barber  of  Longwood  Col- 


lege; Roger  K.  Crouch  of  NASA  Headquar- 
ters; and  Richard  T.  Simchick  of  PRC 
Kentron,  Inc.  No  further  documentation  is 
available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley 
Research  Center. 
Refer  to  LAR-13670/TN 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  865-3281 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  865-3725 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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High  Speed  Photography  of  Random  Nanosecond  Events 


A  pioneering  "time  machine,"  when  used  with  a  high-speed  camera,  now 
permits  photographing  events  which  occurred  before  the  camera's  shutter 
is  opened.     Called  an  image-preserving  optical  delay,  the  system  enables 
researchers  to  take  detailed,  high-speed  photographs  of  random— that  is, 
non-triggered--events.     It  is  now  used  for  processes  which  last  from   100 
nanoseconds,  or  billionths  of  a  second,  to  10  microseconds,  or  millionths 
of  a  second,  to  study  materials  utilized  by  the  electric  power  industry. 
This  system  stores  optical  images  of  a  random  event  long  enough  so  the 
shutter  of  a  high-speed  camera  can  be  opened  and  photographs  taken  of 
the  processes  leading  to  the  random  event,  according  to  the  inventor, 
Edward  F.  Kelley,  an  NIST  physicist.     He  has  filed  a  patent  application 
on  the  system.     Using  the  example  of  photographing  a  lightning  bolt, 
Kelley  says  that  the  event,  the  lightning  strike,   triggers  the  shutter 
and  electronic  camera  after  the  lightning  bolt  occurs.     Because  the 
image  is  delayed,  a  series  of  high-speed  photographs  of  the  stored 
images  reveals  events  which  lead  up  to  the  lightning  bolt,  its  formation, 
and  propagation.     Such  observations  require  shutter  speeds  of   1/1,000,000 
to  1/100,000,000  of  a  second. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Dr.  Edward  Kelley,  Metrology  Building,  Room  B344,  National 
Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;   (301) 
975-5826. 
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New  Device  Improves  Conductivity  Measurements 


Electrical  conductivity  measurements  of  aqueous  (water-based)  solutions 
have  been  improved  with  a  device  developed  by  a  team  of  researchers 
at  NIST.     The  new  instrument  features  a  novel  measurement  cell  that, 
unlike  other  available  systems,   is  variable  in  size  and  does  not  have  to 
be  calibrated  with  solution  standards.     Because  its  results  are  traceable 
to  the  physical  standards  of  mass,  length,  and  electrical  resistance,  the 
device  provides  an  "absolute"  conductivity  determination  that  is  accurate 
to  within  0.02  percent  (other  systems  are  accurate  to  about  0.1    percent). 
The  instrument  has  many  potential  applications.     It  is  a  primary  standard 
that  can  be  used  to  calibrate  other  conductance-measuring  instruments. 
Oceanographers  could  use  it  to  gauge  seawater  salinity,  and  environmental 
scientists  could  determine  dissolved  solids.     With  a  minor  modification, 
the  device  could  be  used  as  a  reliable  indicator  of  water  purity,   making 
it  valuable  to  industries  such  as  pharmaceuticals,  electric  power,  and 
electronics,  which  rely  on  pure  water  for  their  products. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Dr.  William  Koch,  Chemistry  Building,  Room  A225,  National 
Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)  975- 
4141. 
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Brookhaven  National  Laboratory 

Ion  Probe 

A  Diagnostic  Tool  for  Tokamak  Reactors 


A  Brookhaven  National  Laboratory  physicist  has  developed  an  ion  probe 
to  measure  the  temperature  and  density  of  ions--atoms  that  have  lost 
or  gained  one  or  more  electrons—in  magnetized  plasma  devices.     Plasma 
is  the  state  in  which  matter  exists  in  the  sun.     If  hydrogen  plasma 
reaches  a  critical  temperature  and  density,  then  the  fusion  reactions 
that  occur  start  to  produce  more  energy  than  the  amount  required  to 
push  the  plasma  to  its  critical  temperature  and  density. 

The  probe  is  a  diagnostic  device  that  will  be  used  in  tokamak  fusion 
reactors.     Already,  it  is  being  used  in  present-day  plasma  devices  used 
in  basic  plasma  physics  experiments. 

The  probe  consists  of  an  inner  ion-collecting  electrode  and  an  outer 
cylindrical  shield.     The  unique  advantage  of  this  probe  is  that  the  elec- 
trode is  retractable.     In  previous  probes,  the  retraction  length  of  the 
electrode  was  fixed,  requiring  multiple  experiments  with  different 
retraction  lengths  in  order  to  find  the  optimum  one  for  a  particular 
device.     That  optimum  length  depends  on  the  ion  temperature. 

Because  of  its  retractable  electrode,  the  Brookhaven  probe  can  make  ion 
measurements  in  one  experiment,  as  well  as  measure  different  ion  species 
in  multi-ion  plasmas.     In  addition,  this  probe  is  significantly  faster  than 
previous  probes,  making  measurements  in  less  than  an  hour,  compared  with 
weeks  or  even  months. 

In  developing  the  probe,  Brookhaven  collaborated  with  Professor  Ivan 
Nascimento  and  Dr.  Ruy  da  Silva,  both  of  the  University  of  Sao  Paulo 
in  Brazil.     The  work  was  supported  by  the  National  Science  Foundation 
and  the  Brazilian  federal  agency  Conselho  Nacional  de  Desenvolvimento 
Cientifico  e  Tecnologico--CNPq,  Brazil. 

Literature:     Electrostatic  Ion  Probe  for  Tokamak-Plasma-Edge  Diagnostic, 
A.  Hershcovitch,  R.P.  da  Silva,  I.C.  Nascimento,  and  D.F.  da  Cruz,  Jr., 
Review  of  Scientific  Instruments  57(9),  September  1986. 

Potential  Application/Spinoffs:     The  ion  probe  can  measure  ion  tempera- 
tures,  ion  densities,  ion  diffusion  coefficients,  and  ion  thermal  conducti- 
vities in  magnetized  plasmas.     These  properties  can  be  measured  in  fusion- 
oriented  devices,  such  as  tokamaks,  as  well  as  in  sources  and  other  plasma 
devices. 

For  More  Information  on  This  Technology:     Contact  Dr.  William  Marcuse, 
Office  of  Research  and  Technology  Applications,  Building  475,  Brookhaven 
National  Laboratory,  Upton,  NY   11973;  (516)  282-2103. 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 


A  Laser  Pulse  Stretcher  To  Improve  Holographic-Image 
Quality 


An  outgrowth  of  Fermilab's   15-ft  Bubble  Chamber  program  is  the 
laser  pulse  stretcher  electronic  pockels  cell  controller.     The  appli- 
cation of  holographic  methods  to  record  bubble  tracks  of  high- 
energy  particles  was  used  successfully  in  the   15-ft  chamber.     In 
theory,   the  resolution  of  such  holographic  pictures  can  be  five 
times  better  than  with  conventional  cameras.     However,  the 
typical  Q-switched  short  laser  pulses  of  some  50  nanoseconds 
duration  at  the  required  energy  give  rise  to  boiling  during  the 
chamber's  expansion,  and  this  parasitic  micro-boiling  degrades 
the  quality  of  the  holograms.     A  reduction  of  the  instantaneous 
power  at  a  given  energy  by  stretching  the  pulse  helps  to  suppress 
this  undesirable  after  effect.     Thus,  an  active  pulse-stretching 
technique  has  been  devised  in  which  a  linear  closed  loop  control 
system  is  used  to  stabilize  the  output  of  a  "slow"  Q-switched  ruby 
laser.     It  is  anticipated  that  this  development  will  have  applications 
in  fiber  optic  beam  delivery  for  endoscopic  holography,  biological 
tissue  ablations  studies,  gas  chromatography  studies,  laser  plastic 
surgery,  treatment  of  vascular  lesions,  and  research  in  atherolysis. 
The  technology  is  now  patented. 

FOR  ADDITIONAL  INFORMATION:     For  information  about  license 
possibilities,  contact  John  Paulk,  Office  of  Research  and  Technology 
Applications,  Fermi  National  Accelerator  Laboratory,  P.O.  Box  500, 
MS  208,  Batavia,  IL  60510;  (312)  840-3333.     Refer  to  FAA-421/TN. 
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Computerized  Analysis  of  Thermal-Diff usivity  Data 

Measurements  are  processed  quickly  and  accurately. 


An  improved  data-acquisition  and  data- 
analysis  system  for  thermal-diffusivity 
measurements  using  the  flash  method  in- 
corporates a  digital  oscilloscope  and  a 
microcomputer  for  the  rapid  reduction  of 
the  experimental  data.  The  system  was  de- 
vised for  use  in  high-temperature  meas- 
urements of  thermoelectric  materials. 

In  the  thermal-diffusivity  apparatus  (see 
Figure  1),  a  thin  specimen  is  heated  on  one 
face  by  a  pulsed  xenon  flashlamp,  and  the 
subsequent  temperature  rise  on  the  oppo- 
site face  is  monitored  by  an  infrared  detec- 
tor. The  thermal  diffusivity  can  be  esti- 
mated from  the  thickness  of  the  specimen 
and  from  the  time  after  the  initial  pulse  dur- 
ing which  the  temperature  rise  reaches 
half  its  maximum  value.  The  accuracy  of 
the  estimate  can  be  improved  by  correct- 
ing the  temperature  measurements  for  the 
radiative  loss  of  heat  from  the  specimen 
and  for  the  finite  duration  and  specific 
waveform  of  the  flashlamp  pulse. 

The  output  of  the  infrared  detector  is  fed 
to  the  digital  oscilloscope.  From  the  oscillo- 
scope, 2,000  digitized  data  points  (see 
Figure  2)  are  fed  to  the  computer.  To  re- 
duce the  demand  for  computing  time  and 
memory,  every  set  of  10  contiguous  points 
is  averaged  together;  this  also  reduces  the 
effects  of  random  noise.  A  least-squares 
calculation  is  then  performed  to  draw  a 
smooth  best-fit  curve  among  the  resulting 
200  data  points. 

The  radiative-loss  and  pulse-waveform 
corrections  are  applied,  and  then  the  curve 
is  differentiated.  The  Newton  method  is 
used  to  locate  the  point  of  zero  slope, 
which  corresponds  to  the  time  of  maxi- 
mum temperature  rise.  Noting  the  temper- 
ature rise  from  this  point  on  the  curve,  the 
computer  then  searches  the  curve  for  the 
time  that  corresponds  to  half  the  maximum 
temperature  rise.  For  this  analysis,  time  is 
measured  from  the  beginning  of  the  flash- 
lamp  pulse,  which  appears  on  the  curve 
because  the  infrared  detector  receives 
stray  reflections  of  the  pulse. 

The  complete  analysis  requires  a  micro- 
computer with  only  16K  of  memory.  In  addi- 
tion to  data-point  averaging,  the  analysis 
program  incorporates  the  following  mem- 
ory-saving features: 
•  Variables  are  reused  in  different  parts  of 
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Figure  1.  A  Flash-Type  Thermal-Diffusivity  Apparatus  is  equipped  with  a  relatively-inexpen- 
sive digital  oscilloscope  and  microcomputer. 
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Figure  2.  The  Digitized  Output  of  the  Oscilloscope  is  fed  to  the  computer  for  curve  fitting  and 
other  processing. 


the  program. 

'  Data  acquisition,  curve  fitting,  and  correc- 
tions are  done  by  independent  portions  of 
the  program  that  are  stored  separately 
and  called  in  sequence. 

•All  lookup  tables  are  stored  as  polyno- 
mials. 

•Customary  memory-saving  program  for- 


mats are  used  wherever  possible. 
This  work  was  done  by  Artur  B. 
Chmielewski,  Charles  Wood,  and  Jan  W. 
VanderSande  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-16729/TN 
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Laser  Pyrometer  for  Spot  Temperature  Measurements 

The  emissivity  of  the  target  is  measured  to  assure  accuracy. 


A  laser  pyrometer  makes  a  temperature 
map  by  scanning  a  measuring  spot  across 
a  target.  Unlike  some  other  optical  pyrom- 
eters, this  one  requires  no  a  priori  assump- 
tion about  the  local  emissivity  of  the  target 
at  the  measuring  spot.  The  emissivity  is 
measured  as  an  integral  part  of  the  overall 
measuring  process.  The  scanning  laser 
pyrometer  is  particularly  useful  for  the  non- 
contact  measurement  of  temperature  dis- 
tributions in  the  processing  of  materials;  for 
example,  at  the  liquid/solid  interface  in  a 
semiconductor  melt. 

The  system  (see  figure)  includes  a  la- 
ser of  wavelength  A  and  a  photodetector 
that  has  a  highly  linear  response  and  is 
equipped  with  a  band-pass  filter  at  wave- 
length A.  The  laser  and  the  photodetector 
are  mounted  with  appropriate  lenses  and 
mirrors  so  that  they  both  focus  on  the 
same  small  measuring  spot. 

From  the  Planck  radiation  law,  the  abso- 
lute temperature  T  of  the  measuring  spot 
on  the  target  is  given  by 

T  =  [Tb-'+(XJC2)tn(eRtJRt)}-' 
where  Tb  is  the  temperature  of  a  black- 
body  furnace  used  as  a  radiation  standard, 
C2  is  a  constant  from  the  Planck  radiation 
law,  £  is  the  spectral  emissivity  of  the  target, 


Rb  is  the  radiance  of  the  blackbody  at 
wavelength  A,  and  Rt  is  the  radiance  of  the 
target  at  wavelength  A. 

Because  of  the  linear  photodetector  re- 
sponse, an  absolute  calibration  of  the  pho- 
todetector is  not  required;  it  suffices  to  use 

Rt/Rt=vb/vt 
where  Vb  and  Vt  are  the  photodetector  out- 
put voltage  when  observing  the  blackbody 
furnace  and  the  target,  respectively.  The 
emissivity  of  the  target  is  obtained  from  the 
response  of  the  photodetector  to  the  laser 
radiation  reflected  from  the  target  (Vlt)  and 
to  the  laser  radiation  reflected  from  a  gold 
object  (Vt  )  that  is  shaped  like  the  target 
and  has  a  known  reflectance  r  Then  the 
emissivity  is  given  by 

£  =  1-rg(VV 

A  nonscanning  prototype  of  the  laser 
pyrometer  has  been  tested  with  a  laser  at 
A  =  0.904  ^m,  stainless-steel  and  carbon 
spherical  targets  heated  in  a  vacuum  bell 
jar  by  radio-frequency  induction,  and  a 
gold  sphere  of  0.99  reflectance.  This  sys- 
tem can  attain  a  temperature  resolution  of 
about  5  °C  at  1 ,300  °C.  It  is  anticipated  that 
with  the  use  of  a  laser  wavelength  of 
1.3  Mm,  a  signal-to-noise  ratio  of  10,  and 
a  scanning  rate  of  105  picture  elements 


per  second,  an  imaging  pyrometer  will  pro- 
vide a  temperature  resolution  of  1  °C  at 
1,300  °C  and  a  spatial  resolution  of  10  Mm. 

This  work  was  done  by  D.  D.  Elleman,  J. 
L.  Allen,  and  M.  C.  Lee  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL . 
Refer  to  NPO-17024/TN 

Jot  Propulsion  Lab 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
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The  Scanning  Laser  Pyrometer  passively  measures  the  radiation  emitted  by  the  scanned  spot  on  the  target  and  is  calibrated  by  a  similar  pas- 
sive measurement  on  a  blackbody  of  known  temperature.  The  laser  beam  is  turned  on  for  active  measurements  of  the  reflectances  of  the  tar- 
get spot  and  of  a  reflectance  standard.  From  these  measurements,  the  temperature  of  the  target  spot  is  inferred. 
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Solid-State  Single-Photon  Counter 

Under  the  right  conditions,  an  avalanche  photodiode  performs  better  than  a  photomultiplier  tube. 


A  commercial  avalanche  photodiode 
can  be  used  to  detect  single  photons  if  it  is 
cooled  to  an  optimum  temperature  and 
overbiased  beyond  its  breakdown  voltage. 
Avalanche  photodiodes  used  in  this  mode 
offer  two  to  three  times  the  sensitivity  of  the 
photomultiplier  tubes  commonly  used  for 
photon  detection.  Moreover,  they  are  not 
subject  to  the  disadvantages  of  photomulti- 
pliers:  low  quantum  efficiency,  fragile  vacu- 
um-tube packages,  and  anode  potentials 
of  about  1,600  V.  Avalanche  photodiodes 
thus  bring  the  advantages  of  solid-state  de- 
vices to  a  variety  of  applications  requiring 
low-level  light  detection;  for  example,  op- 
tical communication,  astronomy,  remote 
sensing,  optical  metrology,  and  optical 
signal  processing. 

When  cooled  to  reduce  the  number  of 
thermal  carriers,  an  avalanche  photodiode 
can  be  reverse-biased  beyond  its  normal 
breakdown  voltage  to  give  it  an  extremely- 
high  internal  gain  of  107  to  108.  The  per- 
formance characteristics  of  an  avalanche 
photodiode  as  functions  of  temperature 
and  voltage  were  studied  in  a  set  of  experi- 
ments and  compared  with  those  of  a  pho- 
tomultiplier tube. 

An  avalanche  photodiode  was  mounted 
on  a  cold  stage  in  a  small  evacuated  re- 
frigerator and  connected  to  an  external 
quenching  circuit  (see  figure).  The  photo- 
multiplier tube,  which  had  a  gallium  arse- 
nide photocathode  sensitive  to  infrared, 
was  cooled  to  -30  °C  in  a  separate  ther- 
moelectric refrigerator.  The  light  from  a 
laser  diode  at  a  wavelength  of  822  nm  was 
directed  at  both  detectors. 

A  calibrated  beam  splitter  directed  a 
known  fraction  of  the  laser  light  to  an  opti- 
cal-power meter  to  enable  the  determina- 
tion of  the  level  of  light  incident  on  the  de- 
tectors. Calibrated  neutral-density  filters 
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The  sensitivity  of  the  Avalanche  Photodiode  was  measured  by  comparing  with  the  known 
sensitivity  of  a  photomultiplier  tube.  The  data  were  collected  and  reduced  by  a  pair  of  time- 
interval  counters,  a  storage  oscilloscope,  and  a  microcomputer. 


attenuated  the  laser  light  to  a  few  photons 
per  pulse.  A  second  beam  splitter  divided 
the  beam  between  the  avalanche  photo- 
diode and  the  photomultiplier  tube. 

The  light  source  produced  50-ns  pulses 
at  a  rate  of  15  kHz.  Corresponding  voltage 
pulses  from  the  light  source  gated  a  logic 
circuit  so  that  it  transmitted  the  avalanche- 
photodiode  counts  during  a  laser  pulse 
("true"  counts)  or  those  during  the  dark 
period  between  pulses  ("false"  counts),  or 
all  counts. 

The  photomultiplier  tube  measured  the 
beam  intensity  after  attenuation.  From  this 
measurement,  the  quantum  efficiency  of 
the  photomultiplier,  and  the  efficiencies  of 
the  optical  components,  the  intensity  of  the 
light  incident  on  the  avalanche  photodiode 
was  calculated.  Detection  probabilities 
were  calculated  from  this  intensity  and 


from  the  measured  number  of  events  de- 
tected by  the  avalanche  photodiode. 

The  optimum  temperature  for  the  ava- 
lanche photodiode  was  found  to  be  200  K. 
At  this  temperature  and  an  overbias  of 
1.5  V  (Breakdown  voltage  was  about 
175  V),  the  single-photon  detection  proba- 
bility was  27  percent,  compared  with  12 
percent  for  the  photomultiplier  operating  at 
-  30  °C  and  an  anode  potential  of  1 ,600  V. 
The  probability  increased  to  50  percent 
when  the  overbias  was  raised  to  10  V,  but 
the  dark  count  also  increased,  nearly 
equaling  the  true  count. 

This  work  was  done  by  D.  L.  Robinson 
and  B.  D.  Metscher  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17103/TN 
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High-Speed  Multiprocessing  for  Engine  Simulation 

Parallel  microprocessors  have  the  computational  power  and  speed  for  realistic  simulations. 


A  multiprocessor  simulator  uses  parallel 
microprocessors  to  achieve  the  comput- 
ing speeds  needed  for  real-time  engine 
simulation.  The  system  has  been  used  to 
simulate  a  snail  turboshatt  engine  to  dem- 
onstrate the  potential  of  multiprocessing  in 
such  applications. 

Real-time  simulation  aids  development 
of  new  digital  engine  controls  because  it 
enables  the  testing  of  hardware  and  soft- 
ware under  realistic  conditions.  However, 
because  of  the  massive  amount  of  calcula- 
tion required  to  model  a  complex  engine, 
simulation  in  real  time  on  a  single  proces- 
sor demands  a  fast,  dedicated  mainframe 
computer.  The  new  simulator  has  shown 
that  multiprocessing  is  an  effective  alter- 
native to  mainframe  computing. 

In  addition  to  the  simulator  hardware,  a 
structured  macroinstruction-based  real- 
time multiprocessor  language  and  an 
operating  system  were  developed.  The 
language  enables  engineers  to  develop 
simulation  programs,  and  the  operating 
system  enables  users  to  communicate  in- 
teractively with  the  system. 

The  simulator  concept  is  based  on  2(n 
+  1)  processors  and  2n  shared  memories 
connected  via  two  data  buses  (see  figure), 
where  n  is  the  number  of  parallel  proc- 
essing channels.  The  demonstration  em- 
ployed four  channels  and  reduced  the  cal- 
culation time  for  a  single  processor  of  the 
same  type  by  more  than  half.  The  proces- 
sors selected  for  the  demonstration  were 
16-bit  chips;  if  more-advanced  32-bit  chips 
had  been  used,  even  more  time  would 
have  been  saved. 

Two  processors  are  reserved  for  spe- 
cial input  and  output  functions,  and  the  re- 
maining processors  are  available  to  oper- 
ate on  portions  of  the  simulation.  Each 
channel  contains  a  preprocessor,  a  mem- 
ory, and  a  computational  processor.  One  of 
the  reserved  processors,  the  front-end 
processor,  is  the  communication  link  bet- 
ween the  user  and  the  simulation.  It  ena- 
bles the  simulation  to  run  interactively.  The 
user  can  monitor  the  results  and  can  make 
changes  in  key  simulation  parameters  dur- 
ing a  run.  The  other  reserved  processor, 
the  real-time  extension,  is  the  communica- 
tion link  between  the  simulator  and  such 
external  engine  devices  as  actuators  and 
controllers. 
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The  Interactive  Information  Bus  links  the  front-end  processor  and  the  computational  proc- 
essors. The  real-time  information  bus  links  the  real-time  extension  processor  and  the  pre- 
processors. A  computational  processor  and  a  preprocessor  communicate  through  their 
shared  memory. 


The  model  of  the  engine  —  a  small  unit 
with  20,000  lb  (89  kN)  thrust  —  includes 
mathematical  representations  of  the  fol- 
lowing: 

•  A  single-centrifugal-stage,  five-axial-stage 
compressor  with  variable  inlet  guide 
vanes  and  variable  stator  vanes  for  the 
first  two  stages; 

•A  two-stage,  axial,  air-cooled  gas  gen- 
erator turbine  that  drives  the  compressor 
rotor; 

•  Compressor-exit  bleed  air  that  cools  the 
turbine;  and 

•  A  second  two-stage  turbine  that  is  un- 
cooled  and  has  a  coaxial  drive  shaft  ex- 
tending forward  through  the  gas  generator 
turbine  to  the  engine  output  shaft. 

The  small-engine  model  proved  to  be 
ideal  for  demonstrating  the  system.  It  was 
complex  enough  to  offer  a  challenging 
problem  of  partitioning  the  computations 
among  processors.  In  determining  what 


equations  should  go  on  the  various  proces- 
sors, the  model  developers  gained  insight 
and  produced  generic  partitioning  algo- 
rithms. At  the  same  time,  the  engine  model 
had  only  six  dynamic  state  variables  and  so 
did  not  require  excessive  execution  time 
that  would  delay  the  development  of  the 
system. 

This  work  was  done  by  Edward  J.  Milner 
and  Dale  J.  Arpasi  of  Lewis  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-87216  [N86-16221/NSP], 
[A02]  "Simulating  a  Small  Turboshaft 
Engine  in  a  Real-Time  Multiprocessor 
Simulator  (RTMPS)  Environment. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia   22161, 
Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 
LEW-14593/TN 
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Shadowgraphs  of  Helicopter-Rotor-Tip  Vortexes 

The  flow  can  be  studied  on  full-size  rotors  instead  of  on 
small-scale  models. 
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Figure  1.  A  Stroboscope  Projects  a  Shadow  Image  of  a  helicopter  rotor  on  a  large,  square 
screen.  A  commercial,  highly  reflecting  projection  screen  is  used;  simply  projecting  the  im- 
age on  a  white  wall,  for  instance,  would  not  yield  enough  light  for  photographing  the  vor- 
texes with  a  standard  35-mm  camera. 


An  optical  apparatus  produces  a  full- 
scale  or  larger  shadowgraph  of  the  tip 
vortexes  of  a  helicopter  rotor.  Developed 
for  outdoor  experiments,  the  apparatus 
can  be  adapted  also  to  use  in  large  wind 
tunnels. 

In  a  demonstration,  a  tail  rotor  of  0.65- 
meter  radius  was  set  up  outdoors  and 
driven  by  a  motor.  The  rotor  speed  could  be 
varied  from  1,900  to  3,200  rpm.  A  point 
stroboscopic  lamp  illuminated  the  rotor 
and  cast  its  shadow  on  a  retroreflective 
projection  screen  (Figure  1).  The  strobo- 
scopic lamp  was  synchronized  with  the 
rotor  by  a  photodetector  that  sensed  the 
passage  of  the  blade  tip.  The  lamp  thus 
flashed  when  the  tip  passed  a  fixed  loca- 
tion, thereby  freezing  the  rotor  image 
throughout  the  test.  A  camera  near  the 
lamp  photographed  the  image  projected 
on  the  screen. 

The  gradations  in  air  density  in  the  vor- 
tex generated  by  the  rotor  tip  made  the  vor- 
tex visible  as  a  shadow  of  a  spiral  on  the 
screen.  In  the  demonstration,  a  hair  dryer 
was  used  to  blow  hot  air  to  make  the  flow 
around  vortex  cores  visible.  The  cores  are 
visible  (Figure  2)  from  natural  density 


changes,  however. 

In  the  demonstration,  the  vortexes  were 
visible  for  a  range  of  tip  mach  numbers 
from  0.38  to  0.64.  The  angles  of  attack 
ranged  from  4°  to  14°.  Visibility  improved 
with  speed  and  angle  of  attack;  at  higher  tip 
speeds,  visibility  would  probably  be  even 
better.  Variation  of  the  distance  between 
the  rotor  and  screen  was  found  to  have  lit- 
tle effect  on  the  size  and  clarity  of  the  im- 
age. Shadowgraphs  at  4.4-  and  6.4-meter 
separations  looked  similar.  Even  greater 
distances  could  be  used  with  good  results. 

Two  such  optical  systems  could  be  set 
up  with  their  axes  oriented  perpendicularly. 
It  would  then  be  possible  to  obtain  informa- 
tion on  tip  vortexes  in  three  dimensions. 

This  work  was  done  by  Shakkottai  P. 
Parthasarathy,  Young  I.  Cho,  and  Uoyd  H. 
Back  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  NPO-16593/TN 
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Figure  2.  This  Shadowgraph  was  taken  with 
the  apparatus  of  Figure  1.  The  flow  around 
the  vortex  at  the  right  was  made  visible  by 
hot  air  from  a  hair  dryer.  The  rotor  tip  in  this 
shadowgraph  faces  the  viewer.  At  the  ex- 
treme right  and  left,  the  shadows  appear 
darker  because  light  rays  pass  tangentially 
through  the  vortexes.  The  mach  number  at 
the  rotor  tips  is  0.64  and  the  angle  of  attack 
is  12°. 
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